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Part X 
THE BOOK LOUBE, Llpoacells dlvlnatorlua (Mull.) 
INTRODUCTION 
The book louse, Llooscells divlnatorlue (Muller), 
belongs to the order Corrodentla, suborder Heterotecnomera, 
and family Liposcelidae (Essig, 19^2). It is one of the 
oldest known Insects and was described for the first time 
by Muller In 177&. The synonymy of this species (Gurney, 
1939) is as follows: 
l| 
Llposcells divinatorlus (Muller) 
Termes dlvlnatorlum Muller, Zoolglae Danlcae prodromus, 
seu animalum Daniae et Norvegiae indlgenarum (1776): 154-. 
Troctes divinatorlus Hagen, Verh. Zoo.-bot. Geo. Wien 16 
(1566):220. 
Troctes fatldlcus Enderleln, Zool. Exped. Egypt White Nile, 
1901, 16 (1905)136-36. 
It has been known by various common names, such as 
book louse, mold louse, dust louse, cereal psocid, cabinet 
mite, and cheese mite (Hartnack, 1939; Finlayson, 1932), 
based on its superficial resemblance to a louse, nature of 
food and habitats. Another wingless species, Troglum 
pulsatorlum (L.), has also often been referred to by the name 
of book louse, but since the publication of “Common names of 
insects for general use1’ by the American Association of 
Economic Entomologists in 1931, the name book louse has been 
most widely used and almost restricted to L. divinatorlus only. 
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It also has been called ,4death watch*1 because of a faint 
ticking noise associated with it in houses. Though sound 
production in certain species of Corrodentia has been 
demonstrated (Pearman, 1925b), there is no definite record 
of this phenomenon being exhibited by the book louse. The 
confusion seems to have arisen due to misidentification of 
the species concerned. During the course of these studies 
no evidence of sound production by the book louse came to 
notice. 
The book louse, though one of the smallest members of 
the Order, is probably the most troublesome and destructive 
one (Essig, 19^2). In addition to inflicting direct damage 
by feeding on animal and vegetable matter, it causes great 
annoyance. Due to its world-wide distribution it has 
assumed an international importance. It is surprising 
that in spite of its prominence, it did not receive much 
attention from the entomologists and consequently our knowl¬ 
edge of this insect is extremely meager. Little was known 
of the biology of the book louse until 193$ when Rosewall 
published the results of his studies. Since then two 
articles by Candura (1932&) and Flnlayson (1932) have 
appeared on the subject. 
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The book louse Is present In most buildings but 
escapes notice because of its small size and concealing 
habits. Under favorable conditions it becomes extremely 
abundant. Statements have very often been made that damp 
and warm conditions favor its rapid multiplication, while 
cold and dryness reduce its numbers. However, there is 
little experimental evidence to support these statements. 
The control of this insect is difficult, tedious and 
expensive, due to its retiring nature. No insecticide can 
give an effective control unless it reaches all cracks and 
crevices, interior of walls, behind loose wall paper, 
upholstered furniture, stuffed mattresses, and other similar 
places of abode. A knowledge of the physical requirements 
of this insect, if available, may prove useful in creating 
conditions in houses unfavorable for its multiplication, 
and thus avoid costly methods of insecticidal control. 
Lack of Information regarding this insect, and the 
importance it has gained in recent years, prompted these 
studies. A study has been made of the biology of the book 
louse under a few conditions of temperature and moisture, 
revealing some Interesting facts regarding the insect. Its 
food requirements and habits need further investigations, a 
knowledge of which seems to be very desirable. 
REVIEW OF LITERATURE 
The literature on the hook louse, L. divlnatorius. is 
rather scanty. According to Back (1939b), the Review of 
Applied Entomology contained, on an average for the last 
twenty-five years, one reference to psocids in certain 
supplies or crops. The Insect Pest Survey from 1921 to 
1939 contains 131 references to all psocids, mostly 
consisting of records from various localities and food 
materials. 
1. Distribution. 
The book louse is widely distributed in North America 
and Europe and probably occurs in all parts of the world 
(Cotton, 1941; Essig, 1942). This world-wide distribution 
of the book louse may be attributed to its small size, 
concealing habits, and nature of food, which facilitate its 
long distance dispersal through various trade commodities. 
Gurney (1949) believes that air currents have played a 
significant role in the distribution of all psocids. This 
fact has been supported by airplane collections made from 
1926 to 1931 ^ G-lick (1939). A total of Corrodentia 
were captured, out of which 37 were taken at an altitude of 
1000 feet or over. The flightless species, Troglum 
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pulsatorlum (L.) and L. dlvlnatorlus. were represented in 
the catches. Since the book louse is parthenogenetic, it 
can more readily be established in the newly-invaded 
territory. 
2. Economic Importance. 
A number of species of Corrodentia frequent houses, out 
of which L. dlvlnatorlus is the most common and causes 
considerable deimage and annoyance. It is almost omnivorous 
in habits, feeding on any animal or vegetable matter 
(Marlatt, 1S9&; Back, 1920; Back and Cotton, 1930; Candura, 
1933)* It damages books, wall paper and photographs by 
eating away the starchy paste and glue used in their prepara¬ 
tion. It feeds upon and destroys entomological and 
zoological specimens, herbaria, upholstered furniture, and 
mattresses filled with husk, hair, straw or feathers, 
microscopic preparations, potted plants, dried fruits, ground 
feed, flour, cereals, and other farinaceous materials (Marlatt, 
12>96; Pliginsky, 1915; Hungerford, 192^; McDaniel, 1923; 
Candura, 1933J Keraner, 1933? Peus, 1933; Hartnack, 1939; 
Hawkins, 1939; Garcia, 19^0). It is a pest of grain and • 
there are definite instances on record of its damage. It 
destroyed corn stored in glass-stoppered Jars at the 
Agricultural Experiment Station in Connecticut. The external 
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surface of kernels was completely eaten away, rendering the 
variety wholly unrecognizable (Britton, 1900). A wheat 
sample kept In glass Jars was heavily Infested with this 
Insect. It ate away the germ of 35 per cent of the grains 
and the injured grains showed 33 per cent germination as 
against 93* the case of uninjured kernels from the same 
sample (Cooley, 1914). Samples of polished rice were 
destroyed by the book louse in Hawaii. The rice was being 
reduced to powder (Pemberton, 1942). It has been recorded 
feeding on Sltotroga eggs, and also chorions, if starved 
(Finlayson, 1932). 
Some workers, on the other hand, are inclined to rule 
out the book louse as a pest of any great economic 
importance. They think that it feeds on molds and seldom 
does any real damage. Back (I939a,b,c) reported that no 
instance of direct injury by psocids to any material had 
come to his notice in the past twenty years. The book louse 
does not bite, carry disease, destroy growing crops, injure 
books, papers, wearing apparels, rugs, etc. It is objectionable 
in that it causes annoyance to people who do not know that it is 
harmless, and by contaminating food when it becomes abundant in 
kitchens, pantries, and store houses. The cause of heavy 
losses to property owners is not due to destruction of 
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buildings and furnishings, but because of broken leases, 
lawsuits, and fees to pest control operators. It is seldom 
a pest of any importance in grain and other stored products 
(Chapman, 1921; Back and Cotton, 1930; Weis and Carruthers, 
1936; Back, 1939b; Shepard, 1939a,h; Cotton, 1941; Linsley 
and Michelbacher, 1943). This, however, does not seem to 
be exactly the case. During the course of these studies, 
the book louse has been observed feeding on flour, grain 
and other organic matter, though it would consume molds, if 
available. In addition to the annoyance it causes, the book 
louse is a potential pest. Its food requirements are not 
very great but considering its rate of reproduction, it is 
capable of inflicting a considerable amount of damage. 
3. Hearing techniques. 
Rosewall (193°) placed an adult in the cell of a drop 
culture slide with a few grains of corn meal and covered the 
cell with a cover slip, held in position by a small amount 
of vaseline. The eggs when laid were removed by means of a 
needle and placed in similar separate slides. Corn meal 
alone, however, does not seem to be a complete food for the 
book louse. 
Sommerman (1942) reared about ten species of Corro- 
dentia, including L. dlvlnatorlus. using five different 
methods. The insects in all cases were reared on corn sheath 
having mold on it. In one case she used a glass cylinder 
fitted with a cork having two notches on the sides to act 
as air escapes and a hole in the center for the insertion 
of a glass tubing, which was plugged with cotton. The corn 
sheath, along with the insects, was placed in the cylinder. 
The cotton plug in the glass tubing was soaked with water 
once a day to maintain humidity. In the other four 
methods, wide glass tubes were used in place of the cylinder. 
These were closed at the ends, either with cotton plugs or 
with corks having pieces of small glass tubing plugged with 
cotton. The cotton plugs were either moistened directly 
or cotton plugged tubing was dipped in water to act as a 
wick. She also attempted to rear them using one of these 
methods at 21.1° C. and various relative humidities, but 
abandoned it due to high mortality, for which no reason is 
offered. 
The methods used by these workers were not suitable for 
ecological studies on the book louse, and hence were not 
employed. 
Sheehan (19^3) used small glass bottles 2 inches in 
height and 1.5 inches in diameter, and vials 2.5 Inches in 
height and about 0.75 inch in diameter. The cages were not 
covered as the insects were unable to crawl up if the sides 
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were kept clean. She recommended Mead*s cereal, Pablum, 
or wheat flour for food. The food had to be changed 
frequently at high humidities to avoid excess fungus growth, 
not because it had any harmful effect on the insects, but to 
facilitate their handling. A crumpled piece of paper 
toweling was placed in the cage for egg deposition and to 
provide a hiding place for the adults. Host of the eggs 
were laid on the paper, very few in the food, and none on the 
side of the cage. This method, with slight modification, was 
used successfully in the studies reported here. 
4. Biology. 
(a) Habits and habitats. The habitat of the book louse 
is almost exclusively inside buildings, but in some seasons 
it may be found under the bark of trees (Finlayeon, 1932). 
It is met with frequently in all sorts of places in houses 
which are not disturbed very often. Any organic material 
stored over long periods is liable to attack. Musty unused 
books, upholstered furniture and stuffed mattresses provide 
excellent abodes for its multiplication. The Insect prefers 
dark, damp places and its rapid multiplication occurs under 
humid and warm conditions. Cold weather and dryness check 
its abundance (McDaniel, 1923; Gandura, 1932a, 1933? Weis 
and Carruthers, 193^» Back, 1939a,b,c; Hartnack, 1939; Linsley 
and Michelbacher, 19^3). 
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Gibson (194-0) noticed that in Canada the book louse 
disappeared in the fall of the year when the furnace or 
other heating plant came Into operation. This was 
probably due to dry conditions created by heat, which reduced 
its multiplication and made it retire to more favorable 
situations. 
Back (1939"k) pointed out that though the psocids may 
be present in all buildings, severe infestations often occur 
in newly built ones four to twelve months after construction. 
This is due to incorporation of large amounts of water in 
floors and walls with plaster and other building materials. 
The building is then oocupied before it is thoroughly dry. 
Observations of Noland (1924) that the favorite habitat 
of the book louse was a dry and undisturbed place do not 
seem to be correct. It never shows preference for a dry 
environment, whioh is very detrimental to its well-being. 
(b) Life history. The adults are about 1 mm. long, 
and vary from light brown to grayish brown in color. 
They reproduce parthenogenetically. The preoviposltlon 
period varied from 31 to 4-5 days, with an average of 4-5, 
during January to October (10° to 36° C.). At 26.7° and 65 
per cent relative humidity, it ranged from 14 to 21 days and 
eggs were deposited at the rate of one every twelve hours 
until 75 P©r cent of the total quota was laid, after which 
11 - 
they were laid at longer Intervals. The number of eggs laid 
varied from 7 to 44, with an average of 20 during October to 
January, and 57 during June to August (15.6° to 35°)• A 
female living from June 27 to October 27 laid 9& eggs 
(Rosewall, 1930; Finlayson, 1932)• Candura (1932a) reported 
50 to 60 eggs in summer and 20 in winter. The favorable 
moisture stimulated the insect to further egg-laying. The 
postoviposition period was 1 to 24- days, with an average of 
9, during October to January. The adults lived from 1 week 
to 3 months. At 26.7° and 65 per cent relative humidity they 
lived for more than 3 months (Rosewall, 193°; Finlayson, 1932; 
C andura, 1932a). 
The eggs are ovoid and translucent with a purplish 
iridescence. They are usually placed among or under the 
food particles, more or less hidden (Pearman, 1923a; Rosewall, 
1930). 
The incubation period varied from 11 to 27 days, with an 
average of 21, during October to January, but was 6.9 days 
during June to August (Rosewall, 193°)• Candura (1932a) 
gave 4- to 7 days for the incubation period, depending on the 
season. 
The freshly hatched nymphs are white in color, with the 
exception of raouthparts, but become darker after every molt. 
\ 
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They underwent three molts in about 3° days (Rosewall, 1930; 
Finlayson, 1932). 
The life cycle from October to January occupied 93 
I30 days, with an average of 110, while from June to August 
it took from 2*4- to 3& days (Rosewall, 1930). Candura 
(1932a) reported 21 days in summer and 1*4-0 days in winter for 
the cycle. The insect had six to eight generations per year, 
and reproduced continuously (Pearman, 1923a; Candura, 1932a). 
Xenaga and Fletcher (19*1-2) found that increasing the 
temperature from a normal of 26.7°to 4-0.6° C., over a period 
of 6*4- hours did not affect any stage of the book louse. The 
relative humidity, which was 55 per cent, dropped to 4-0 per 
cent during this period. 
Sheehan (19*4-3) reared it successfully at 27° to 32° 
and 77 per cent relative humidity. 
5. Control. 
The usual methods recommended for controlling book louse 
infestations are destruction of the infested material; heating, 
cleaning and varnishing of furniture; sun-drying and hot water 
treatment of material, if possible; fanning and airing of 
grain; and cleaning, airing, and heating of rooms to a 
temperature of 50° to 6o° C. for several hours. Chemicals 
such as naphthalene, naphthalene and camphor mixture, and 
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paradichlorobenzene have been suggested for placing in 
storage articles. Infested rooms and furniture have been 
treated with gasoline, kerosene, pyrethrum, derrie and 
pyrethrum, sodium fluosilicate, suspension of carbonic acid 
in soap solution, or fumigated with burning sulphur, carbon 
bisulphide, hydrocyanic acid gas, tetrachlorethane and 
sodium cyanide mixture and carbon tetrachloride. Infested 
trunks, boxes, rooms, etc., have been sprayed with pyrethrum 
and chloroform mixture or carbon dioxide. Painting of 
plants with mercuric ohloride in herbaria is said to give 
them protection (Marlatt, IS96; Pliginsky, 1915; Lefroy, 1917; 
Back, 1920, 1939b, o; Chapman, 1921; Hungerford, 1924; 
Arkhangel Skii, 1926; McDaniel, 1926; Candura, 1932a; Kemner, 
1933; Peus, 1933; Shepard, 1939&; Garcia, 1940; Linsley and 
Michelbacher, 1943). 
Marlatt {1696) remarked that there was no means of 
preventing occasional outbreaks of the book louse. Fumiga¬ 
tion with various substances in many cases did not give a 
satisfactory control (McDaniel, 1926; Kemner, 1933). 
General experiences of most workers have shown, however, that 
none of the methods recommended so far has been successful 
under all conditions. Back (1939b) has recorded fifteen 
cases from correspondence where the usual methods of control 
failed to give satisfactory results. It seems that most of 
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these control measures have been recommended with very little 
knowledge of the bloecology of the book louse and consequently 
failed to give desired results. These studies, therefore, 
are of importance in devising suitable methods for combating 
this insect. 
6. Natural enemies. 
Noland (1924) frequently found gregarlnes in the raid- 
intestine of the book louse. A parasitic protozoan was 
seen in a longitudinal section of the testes. A nematode 
worm infests the body cavity, and sometimes as many.as six 
small male and one large female were dissected from a single 
adult. The infested individuals were as active as healthy 
ones, but were of greater size. 
Candura (1932b) observed that larvae of Tenebroldes 
maurltanlcus preyed upon L. dlvlnatorius. if confined 
closely with it, not otherwise. 
Weis and Carruthers (193&) mentioned a mite. Chyletus 
erudltus as having been recorded as an enemy of this insect. 
Cotton and Good (1937) listed Alaptus globoslcarnis Glr. 
(Myrmaridae-Hyraenoptera) as an egg parasite, and Chellfer 
cancroldes L. (Cheliferidae-Pseudoscorpionolda) as a 
predator, of the book louse. 
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MATERIAL AND METHODS 
The book louse was plentiful In the laboratory. They 
readily collected on Haydak*s food mixture, placed in a 
favorable situation. Covering the food with a crumpled 
paper towel to decrease light and provide hiding places 
concentrated them in abundance. The crumpled paper towels 
were picked up several times a day and shaken over enameled 
t 
trays l6 inches long, 10 inches wide, and 2 1/2 inches deep, 
containing similar food and shelter. The outer sides of 
the walls of the culture trays were smeared lightly with 
vaseline to keep out mites which were often abundant in the 
laboratory. These mites fed on eggs but were never seen 
injuring living adults or nymphs of the book louse. Two 
stock cultures were kept at 32.5° and one at J0° C. with 
relative humidity of about 75 per cent. These cultures 
thrived very well. Occasionally the humidity in the chambers 
ran high, resulting in mold growth in the cultures. This, 
however, did not have any adverse effect on the insect, though 
its color became deep brown. 
Food Mixture. Haydak's (1936) food mixture, with wheat 
middlings or bran left out, was used for feeding the book 
louse throughout the course of these experiments. This food 
mixture proved to be very satisfactory. It consisted of the 
following materials: 
Yellow corn meal (fine flour) 4 parts 
Whole wheat flour 2 parts 
Skim milk powder 2 parts 
Dried powdered yeast 1 part 
Temperature and moisture control. The rearing was done 
in controlled temperature chambers. Two of the chambers 
were maintained at 30° and yj° C. with a variation of + 1°; 
a third chamber averaged 22° C., but fluctuated from 19° to 
22.5°. 
Glass covered pint fruit Jars were used for humidity 
chambers. The required saturation deficiencies were obtained 
by means of saturated aqueous salt solutions with an excess of 
salt. Single humidity Jars when removed from the temperature 
chambers were kept covered as much as feasible during exami¬ 
nation of the cultures, to avoid extreme changes of the physi¬ 
cal environment. 
The saturation deficiencies (Buxton, 1931) employed, and 
salts used to obtain them, are given in Table 1. 
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Table 1 
Saturation deficiencies employed 
and salts used to obtain them 
Saturation deficiency 
Temperature (mm. of mercury) Salt - C. P. 
22° C. 3 Potassium chloride 
g Sodium bromide 
15 Potassium acetate 
•
 
o
 
o
 o
 
K
\
 
3 Copper chloride 
12 Cobalt chloride 
25 Potassium acetate 
0 
37 c. 3 Sodium tartrate 
20 Cobalt chloride 
35 Magnesium ohloride 
Cages. Glass tubes with round bottoms about 1/2 Inch 
In diameter and 2 1/2 Inches long, having a rim around the 
upper end, were used as cages. A piece of thread was tied 
around the upper end of the tube for hanging in the moisture 
jars. A small rectangular piece of paper towel, slightly 
smaller than the width of the tube and about half an inch 
long with adhering food was placed in the oage. The 
insects usually remained on the paper, where they fed, 
molted, and laid eggs. Sufficient food was on the paper to 
last them for many days. The paper, however, was renewed 
at each observation, to provide fresh food and to reduce the 
chances of mold growth. The sides of the tubes were kept 
clean to check the insects from escaping. 
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OBSERVATIONS ON THE VARIOUS STASES 
l. Ekkb. 
The eggs are ovoid In shape, tapering more at one end 
than at the other. They are pearly white with purplish 
iridescence when freshly laid, and change to dull waxy 
color as development proceeds, becoming light yellow before 
hatching. The chorion is smooth, delicate and membranous, 
with a bluish pearly lustre. The egg lacks an operculum. 
At the time of eclosion an irregular longitudinal slit 
appears at the pointed end and usually extends to one-third 
of the egg on one side, but occasionally it may go ae far as 
one-half or three-fourths of the egg. 
At ovlposition the eggs are coated with a sticky 
material with which they adhere to the substratum and to 
loose extraneous material, depending on availability. It is 
difficult to remove the egg adhering to a surface without 
rupturing it. 
The eggs are usually laid singly, but as many as six 
eggs were observed at one spot. The females preferred rough 
paper for ovlposition but will lay eggs in the food material. 
In general, these observations confirm those of Pearman 
(I922>a), Rosewall (1930), and 3heehan (19*4-3). The majority 
of the eggs are laid on the lower surface of the paper. 
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A piece of paper towel measuring about 11/2 Inches by 
1 1/2 inches was smeared with food and placed in a dish 
containing adults of the book louse. Eighty-seven per cent 
of the eggs were deposited on the lower surface, and 13 per 
cent on the upper surface. 
Eggs incubated at 32.5° 0. and 85 per cent relative 
humidity did not change appreciably in size during 
incubation (Table 2). 
Table 2 
The measurements of eggs during incubation 
Number 
Age of eggs of eggs Length (mm.) Width (mm.) 
Days examined Average Extremes Average Extremes 
0 25 0.352 0.34 0.38 0.189 0.1s 0.20 
1 25 0.352 0.34 0.3s 0.192 0.1s 0.20 
2 25 0.352 0.34 0.3S 0.189 0.18 0.20 
3 25 0.352 0.34 0.38 0.189 0.18 0.20 
4 25 0.350 0.34 0.3S 0.188 0.18 0.20 
5 25 0.353 0.34 0.3s 0.189 0.13 0.20 
6 4 0.345 0.34 0.36 0.192 0.18 0.20 
Average 1-6 days 0.3516 0.34 0.379 0.189 0.18 0.20 
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2. Nymphs. 
There are typically four molts (Rosewall, 1930, and 
Flnlayson, 1932, recorded only 3). Freshly hatched nymphs 
are white, hut the color changes progressively from white 
to light brown with every molt. The body Is semitransparent 
with light brown mouthparts. 
To the naked eye, all instars appear alike except for 
size. An attempt was made to find characters for 
differentiating the instars (Table 3). 
Length and width of the body (abdomen, head, and thorax 
combined) and head capsule and antennal length, increased 
progressively from the first to the fourth instar. The 
antennae were 9-segmented in the first, and 15 in the other 
instars. The tarsi were 2-segmented in the first and 
second, and 3 in the third and fourth instars. Thus, it is 
easy to separate the first and second instars on the basis 
of antennal and tarsal segments, and the third and fourth 
instars on the measurements of body, head capsule and 
antennae 
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Table 3 
Comparative measurements of different lnstare 
Body Head Capsule Antenna_ Tarsal 
Instar Length Width Length' Width length Segments* Segment 
1st 0.421 0.164 0.202 0.164 0.353 9 2 
0.567 0.176 0.214 0.1S3 0.365 9 2 
0.605 0.164 0.202 0.176 0.365 .9 2 
Average 0.531 0.168 0.206 0.174 0.361 9 2 
2nd 0.769 0.265 0.202 0.189 0.391 15 2 
0.743 0.271 0.214 0.189 0.403 15 2 
0.769 0.277 0.214 0.189 o.4l6 15 2 
Average 0.760 0.271 0.210 0.189 0.403 15 2 
3rd 0.970 0.328 0.227 0.227 0.554 .15 3 
1.008 0.315 0.239 0.214 0.567 . 15 3 
Average 0.9S9 0.324 0.233 0.221 0.560 15 3 
4th 1.071 0.391 0.252 0.239 0.580 15 3 
1-1Q9 0.191 0.252 0.239 .0.592 , 15 i 
Average 1.090 0.391 0.252 0.239 O.5S6 15 
s 
3 
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3* Adults. 
The adults are soft-bodied and wingless. They move 
In a Jerky and halting manner, and avoid strong light, 
preferring dark cracks and crevices. They are usually 
light brown but sometimes when feeding on molds, because 
of their transparent bodies, become brown or red depending 
upon the mold color. 
They have compound eyes but lack ocelli. The tarsi 
are 3-, and the antennae 15- segmented. 
Host authors give the length of the adult as about 
1 mm. The measurements of ten individuals are given in 
Table 4-. 
Table 4 
The measurements of adults 
Body Length 
Width 
Head capsule Length 
Width 
Average (mm.) Extremes (mm.) 
1-193 1.143 1.235 
0.471 0,441 0.504 
0.2S9 0.252 0.302 
0.296 0.231 0.315 
0.663 O.63O 0.706 Antennal length 
- 24 - 
All of the adults were more than 1 mm. long, with an 
average length of 1.193 nun. The length of the head 
capsule was more than the width in all the nyraphal instars, 
whereas the reverse was true In the case of the majority of 
the adults. 
tv 
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EFFECT OF MOISTURE AND TEMPERATURE UNDER CONTROLLED CONDITIONS 
The book louse becomes abundant only under certain 
environmental conditions. Most workers agree that warm and 
damp conditions favor its rapid multiplication, and that dry 
and cold weather checks its abundance. This information is 
based upon casual observations and little experimental evi¬ 
dence is available to support these views. 
1. Effect on adults. 
To study the effect of moisture and temperature, a number 
of adults were kept in cages with pieces of paper towel covered 
with food, at various temperatures and saturation deficiencies. 
The number of eggs laid by each female was recorded at regular 
intervals. From these experiments the preovipositlon period, 
the rate of oviposltion, the number of eggs laid, and the 
longevity of the adults were determined and will be dealt with 
separately in the following few pages. 
(a) Preovipositlon period. The length of the pre- 
oviposition period increased from a low to an intermediate 
saturation deficiency at all the temperatures (Table 5)* 
The average longevity of adults at saturation deficiencies 
where oviposltion did not oocur was 15.4-, 10.3, and 6.2 days 
at 22°, 30° and 37° C., respectively. 
- 26 - 
Table 5 
Effect of moisture and temperature on preovlpoeltlon period 
Temperature 
Saturation 
Deficiency 
(mm. ) 
Number of 
individuals 
Preovlpoeltlon 
period (days) 
Average Extremes 
•
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o
 
CM
 
CM
 3 35 7.0 4 15 
s 20 9.4 5 IS 
15 l4 X X X 
•
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o
 
o
 
K
\
 
3 22 2.4 1 4 
12 19 2.6 1 4 
25 14 X X X 
-
>
l o
 
o
 
•
 3 21 3.4 1 7 
20 12 5.7 2 11 
35 9 X X X 
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The effect of temperature can be better evaluated from 
the length of the preoviposltion period at 3 mm. saturation 
deficiency, which was common to all the temperatures. 
Theoretically, the difference in the length of the preovl- 
position period at this saturation deficiency should be due 
to temperature alone (Buxton, 1931). The shortest preovi- 
poeitlon period occurred at 3°°» suggesting this temperature 
was superior to others. 
(b) Rate of ovlposltlon. The average number of eggs 
laid per female per week by 13 females was determined at 
30° and 3 mm. (Fig. 1). The average number of eggs varied 
from 17.3 to 21.3 in the first four weeks, during which time 
more than fifty per cent of the eggs had been laid, after 
which ovlposition declined rapidly. The rate of ovlposltlon 
will, of course, vary under different environmental conditions. 
There were no deaths during the first three weeks. 
Noland (1924) observed only one ripe egg in the ovaries 
of a female, whereas Finlayson (1932) recorded that females 
oviposited at the rate of one egg in twelve hours, at 26.7° 
and 65 per cent relative humidity. 
(c) Ovlposltlon. The average number of eggs deposited 
per female decreased from a moist to a dry condition (Fig. 2). 
No ovlposition occurred at saturation deficits of 15, 25, and 
35 mm. at 22°, 3^°» anci 37° C., respectively. Although all 
Weeks 
FIG. 1 Average Rate Of Oviposition 
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the females failed to lay eggs at 15 mm. and 22° yet at 
20 mm. and yj° a majority of them (73 per cent) succeeded 
in laying a few eggs, the average being 8.7 eggs per female. 
The average longevity of females in the former case was more 
(21.4 days) than In the latter (15.4 days) (Fig. 3). No 
definite reason can be offered for this. Probably it was 
due to the combined effect of temperature and moisture. 
It seems that at 22° the moisture was more important, 
whereas at 37° temperature was the major limiting factor. 
The average number of eggs laid also decreased with an 
increase in temperature. 
The zones of suitability are approximately delimited in 
Figure 2. It will be seen that zone I was very favorable, 
zone II less favorable, zone III unfavorable, while zone IV 
was fatal for oviposition. 
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At 3 mm. no female failed to lay eggs at 3O0, while 
7.4 per cent at 22° and 23.6 per cent at 37° did not lay 
eggs, showing the unsuitability of 37° (Table 6). 
The highest number of eggs laid by any female in her 
lifetime and in 24 hours was 240 and 6, at 30° and 3 mm. 
(Table 6). 
The average number of eggs recorded by Rosewall (1930) 
and Candura (1932a) varied from 20 to 60, depending upon 
the time of the year, while the maximum number of eggs laid 
by any female was 9&. 
(d) Postovlposltlon period. The length of the 
postoviposltion period, unlike the preoviposition period, 
decreased as the saturation deficiency increased, at all 
the temperatures (Table 7)* This was probably due to the 
reduction in the adult life at high saturation deficiencies. 
Like the preoviposition period, the average postovi- 
positlon period at 3 mm. was longest at 22° (55.1 days) 
and 37° (41.9 days) and shortest at 3°° c* (13*6 days). 
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Table 6 
Effeot of moisture and temperature on ovlposltlon 
Saturation Females 
Temper- deficiency No. of not laying Greatest number of eggs 
ature_(mm.)_females Percentage In lifetime In 24 hours 
22° C. 3 
8 
15 
30° c. 3 
12 
25 
0 
37 C. 3 
20 
35 
27 7.4 
16 0 
14 100 
14 0 
20 15.0 
14 100 
21 23.6 
15 26.7 
9 100 
230 2 
231 1 
X X 
240 6 
127 5 
X X 
65 4 
25 2 
X X 
*N 
) 
Table 7 
Effect of moisture and temperature on postoviposition period 
Temperature 
Saturation 
deficiency 
(mm.) 
No. of 
Individuals 
Postoviposition 
period (days) 
Average Extremes 
•
 
o
 
o
 
C\J
 
CVJ
 3 21 55.1 15 2S0 
' 
* 12 23-5 14 
J 
15 14 X X X 
30° c. 3 ' 13 13.6 3 48 
/ 
/ 12 17 11.5 2 37 
25 IK X X X 
37° o. 3 15 41.9 6 82 
20 11 3.3 3 19 
. • - 35 9 X X X 
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(e) Longevity of adults. The average longevity of 
adults decreased from a low to a high saturation 
deficiency, at all temperatures (Fig. 3). At saturation 
deficiencies of 15, 25, and 35 mm. at 22°, 3O0, and 37° 
C., respectively, though the adults lived for a few days 
they failed to lay any eggs, showing thereby a more 
detrimental effect of high saturation deficiencies on 
ovipo8ltion than on the length of adult life. The females 
lived longer at 20 ram. and 370 than at 15 mm. and 22°. 
This may be due to the difference in the rate of metabolism 
at these two temperatures. It seems that at 37° due to 
higher rate more water of metabolism was being produced 
which enabled the insect to withstand lower atmospheric 
o 
moisture at this temperature than at 22 . 
The longevity of adults also decreased with increase 
in temperature. The maximum life of a female was 3^2 
o 
days at 22 . 
For the longevity of adults, zone I appears to be very 
favorable, zone II less favorable, zone III unfavorable, 
and zone IV extremely unfavorable. 
With a change of temperature from 22° to 30° there 
was a greater reduction in the longevity of adults than In 
oviposition; while from 3°° to 37° ovlposition was more 
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reduced than the adult life. This shows that high 
temperature had more adverse effect on oviposition, as 
compared to the longevity of adults. 
Candura (1932a) observed that longevity of adults 
varied from 1 week to 3 months only. At 26.7° C. and 
65 per cent relative humidity they could live for more 
than 3 months (Finlayson, 1932). 
2* Effect on eggs. 
The eggs attached to paper were removed from the 
oviposition cages at 22°, 3°°i or 32-5° at intervals 
of about 12 hours and placed in the desired temperature 
and moisture environments. They were examined at twenty- 
four hour intervals to determine the number of nymphs 
hatching. The nymphs were removed after each examination. 
The duration of the egg stage and percentage of viability 
are shown in Figure 4. 
The data show that the amount of moisture had little 
effect on the duration of the egg stage. The incubation 
period, on the other hand, was greatly influenced by 
temperature. It decreased with an increase in temperature. 
The amount of moisture had a very pronounced effect on 
the viability of the eggs. At all temperatures the 
percentage of viability decreased from moist to dry 
conditions. High saturation deficits of 15 to 35 mm. were 
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unsuitable for hatching of the eggs. The percentage of 
viability of eggs at 3 nun. saturation deficiency, on the 
f 
other hand, was high at 3°° (63.0), intermediate at 22° 
(55.1), and low at 37° C. (4S.4). 
Figure 4 indicates that for the development of eggs 
zone I was the most favorable, zone II less favorable, 
zone III unfavorable, and zone IV extremely unfavorable. 
It was, however, further seen that though eggs 
laid at lower temperatures (3O0 and 32.5°) and exposed at 
37° C. showed a fair percentage of hatch, those laid at 
37° completely failed to hatch at all saturation 
deficiencies. The females were either incapable of laying 
viable eggs, or the temperature had very adverse effect on 
the egg in its initial stage of development. 
The velocity-temperature curve for development of the 
eggs at 3 mrn» shown in Figure 5 (Sanderson and Peairs, 
1913). It will be seen from this graph that values for 
22° and 3O0 are in the straight line portion, while that 
for 37° is outside the straight line portion of the curve. 
When this line was projected It intersected the abscissa 
at l6.3°, which is the theoretical threshold of development. 
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The value of k on the velocity-temperature curve may be 
expressed as follows: 
(x - l6.S) y = k 
where x * temperature In degrees centigrade 
y * time factor 
k * constant 
The values of k at 
22° C. vlll be (22 - l6.g) 21.2 - 110.2 
30° C. (30 - 16.g) 6.3 - 109.6 
37° C. (37 - 16.S) 6.S - i37.lt. 
It will be seen from the above that values of k for 
22° and 3°° C. are almost identical, which suggests that 
the theoretical threshold of development as determined 
here is approximately correct. Normal development would 
occur to about 1S°C. The value of k for 37° did not 
approximate with the others. This was quite expected, as 
this point was not in a straight line on the velocity- 
temperature curve, which showed that this temperature was 
not favorable for the development of eggs. 
(3) Effect on nymphs. 
Freshly hatched nymphs were kept in glass cages with 
food at the same temperature and saturation deficiency at 
which they hatched. The nymphs were examined at S^-hour 
intervals, and the date of maturation was recorded. The 
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duration of the nymphal stage and percentage of nymphs 
reaching maturity are given in Table S. 
There was a slight increase in the duration of the 
nymphal stage at intermediate moisture conditions at all 
temperatures. The duration showed a decrease with an 
increase in temperature. It was long at 22° and short 
at 30° and 37°• 
The amount of moisture had a marked effect on the 
survival of the nymphs. It decreased with an inorease 
in saturation deficiency. At saturation deficits of 15, 
25, and 35 mm. at 22°, 3°°» and 37°, respectively, all the 
nymphs failed to develop into adults. The nymphs died in 
7 to S days at 22°, 2 to 5 days at 3°°» and 1 to 3 days at 
o 
37 . During this period there was very little growth in 
the size of the nymphs. Their abdomens looked as if 
greatly shrunken, though head and thoraces seemed to be 
normal for that size and age. The color was darker as 
compared to the normal nymphs of the same age. As in the 
case of ovlposition, although 15 mm. at 22° was fatal for the 
nymphs, the majority of them survived at 20 mm. and 37° due 
to a combined effect of temperature and moisture. Low 
moisture had less adverse effect at high than at low 
temperature, probably because of the higher rate of metabolism 
at high temperature, as discussed under longevity. 
tO 
0) 
P 
A 
05 
SH 
H 
© 05 
to > XV cr> CVJ ON c O 
oJ P • • • • • • >> © 
p > VO H o CVJ vo o to o o O o 
3 V ON r^ On to Is- 3 to 
© 3 © 
c © p 
Si o 
H © Vi p 
csJ pi o Vi ► © 
P •o 
f> Vi © 
c A S3 
© 3 Is- -=J- -=h to P VO Is- o p O o 
P © • 0 CVI H CVJ CVJ CVJ p CVJ CVJ p rH 
P O >> p 
Vi 55 C © 
c o Si 
o 3 
© © ov P X CVJ -=t X o to X P -=$■ 
© bl © C\J XV rH P p rH cd XN 
Si cd © a © 
3 P bO © 
P c o5 bi • 
«5 © p p S5 
Si ° ©^ X .=h x- X ON ON X vo ON X S r- 
© £ co ta CVJ CVJ CVJ 
a © H ^ LfN 
a a cd oJ 3 P 
© P'd o 
P *c 
c t~s o VO trv on XV ITN 3 p 
*3 aj ►* cd • • • • • • cd ♦ 
3 55 Si Is- On X Os o X to CVJ X o 
a5 © 3 cvi CVJ p p • l*V 
fc Q o 
© © 
£j p o 
3 © Vi © CVJ 
P O 43 CVJ 
© P £ VO Ov X so .d- X XN X to p aS • a CVJ CVJ p CVJ P p 
o A o 1>> cd 
B £ 55 c 
B bO 
Vi >5 3 
o 3 S3 >* P 
O o rO 
p Vi P 3 o 
© o +5 ©^ p 
© cd P • cd 
Vi c bOg l«v to LTN XV CVJ iTN XN o ITN A XV 
v« o 3 p a P p CVJ CVJ XN 
w p P Vi'-' © 
p cd © 
05 CQ Q '■ifc £ b a 
3 I >> 
•3 Si • • • 55 • 
© © o o o o 
y» Pi Si 
a 3 o o o o 
© p CVJ o Is— CVJ 
EH -fid CVJ XV XN CVJ 
The nymphs hatching from eggs at 22° and 15 mm. 
were kept at the same temperature and 3 mm., to study 
the effect of low moisture on their further development. 
Out of ten nymphs under observation eight reached the 
adult stage. The average duration of the nymphal stage 
was 3°«1 days. The percentage of nymphs reaching 
maturity among those hatched and reared at the same 
temperature and 3 mm. saturation deficiency was 96.3, with 
an average duration of the nymphal stage of 27.0 days. 
This shows that low moisture even during the egg stage, 
and perhaps for a short period during the nymphal stage, 
reduced the percentage of survival and considerably 
increased the duration of the nymphal stage. 
The percentage of survival showed a slight decrease 
with increase in temperature. At 3 mm* saturation 
deficiency it was 96.3, 92.9, and S3.9 at 22°, 30°, and 
37°, respectively. 
It is difficult to demarcate zones of suitability for 
the development of nymphs, but it is quite obvious from 
Table 3 that 3 mm. was favorable at all the temperatures; 
3, 12, and 20 mm. less favorable; while 15, 25, and 35 
were fatal at 22°, 30°, and 37°, respectively. 
The theoretical threshold of development was deter¬ 
mined at 3 mm. saturation deficiency as 17.7° 0. (Fig. 6). 
/6 /a 20 
FIG. 
zz 24 26 28 JO JZ J4 
Temperature- °c 
Velocity-Temperature Curve 
of 
Development of Nymphs 
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That this point is approximately correct will he seen 
from the values of k worked out from (x - 17.6) y a k 
22° C. (22 - 17.7) 27.0 « 116.1 
30° c. <3° - 17.7) 9.5 - 116.9 
V
>
J o
 
o
 
•
 (37 - 17.7) S.3 - 160.9 
The value of k for 37° is widely apart from the other 
two, as this point was not in the straight line portion of 
the velocity-temperature curve. Normal development can 
occur to near 19° C. 
4. Number and duration of lnstars. 
The number and the duration of various instars were 
studied at 3°° and 3 mm» saturation deficiency (Table 
9). It is difficult to find the exuviae of the first 
two molts, which are very small and white in color. To 
facilitate their detection, nymphs were liberated in cages 
on small pieces of paper towels dyed with methylene blue 
or neutral red and smeared with very finely ground food 
mixture. The cages were examined after every 24 hours 
for exuviae, which were usually found adhering to the paper. 
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Table 9 
Instars 
The number and duration of nymphal instars 
4- Instars 3 Instars 
Number 
of indi¬ 
viduals 
• Duration 
Average 
(Days) 
Extremes 
dumber 
of indi¬ 
viduals 
• Duration (Days) 
Average Extremes 
1st 10 3-1 3 * 3 3-3 2 4- 
2nd 9 2.1 1 3 3 *.3 3 6 
3rd 9 2.1 1 3 3 2.3 2 3 
4-th 9 2.9 2 3 - - - 
Total 10.2 9.9 
Among 12 nymphs that completed their nyraphal stage 
successfully nine, or 75 per cent, underwent 4 molts, 
while three, or 25 per cent, had only 3 molts. In the 
case of nymphs which molted 4- times, all the instars 
averaged 10.2 days. The nymphs that underwent 3 molts 
had all the instars prolonged , which lasted for 9.9 days, 
a little less than those which had 4- instars. 
The majority of nymphs (75 per cent) under these 
conditions underwent 4- molts, which is contrary to the 
findings of Rosewall (1930) and Finlayson (1932), who 
stated that typically there were 3 molts. This might be 
- 4l - 
due to the difference In the environmental conditions 
under which they carried out their observations, or 
they might have missed one molt. As the observations 
were confined to only one set of conditions, the effect 
of temperatures and moisture on the number of molts is 
not known at present. 
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SUMMARY 
The book louse, Llooscells dlvlnatorlus (Milller), 
Is a cosmopolitan Insect. It Is almost omnivorous In 
habits. It often becomes abundant and causes consider¬ 
able damage and annoyance. 
The eggs are 0.34 to 0.3S mm. long and 0.1& to 0.20 
mm. wide. They are ovoid in shape. The freshly laid 
eggs are pearly white in color, smooth and coated with a 
sticky material. No increase in volume was observed 
during incubation. 
The freshly hatched nymphs are white in color with 
brownish mouthparts, changing progressively to light 
brown with every molt. Length and width of the body 
and head capsule and antennal length showed a progressive 
increase from the first to the fourth instar. The tarsi 
are 2-segraented in the first and second, and 3- in the 
third and fourth, instar6. The antennae are 9-segmented 
in the first, and 15- in the remaining three, instars. 
The adults are 1.143 to 1.235 mm. long and usually 
light brown in color. The tarsi are 3- and the antennae 
15-segmented. Unlike the nymphs, the width of the head 
capsule of most of the adults was greater than the length. 
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The biology of the book louse was studied at 22° C. 
and 3# and 15 mm. saturation deficiencies; 30° and 3, 
o 
12, and 25 mm.; and 37 and 3# 20, and 35 mm. 
The preoviposition period increased with the 
increase in saturation deficiency at each temperature. 
At 3 mm. it was shortest at 3°° (2.4 days) and longest at 
22° (7.0 days). 
The average rate of ovipositlon at 3°° and 3 mm. 
varied from 17*3 to 21.fi eggs per week during the first 
four weeks, during which time more than 5° per cent of 
the eggs had been laid. It declined rapidly thereafter. 
The average number of eggs laid decreased with an 
increase in saturation deficiency and temperature. No 
eggs were laid at 15, 25, and 35 mm. at 22°, 3°°» and 
37°, respectively. However, some ovipositlon did occur 
at 20 mm. and 37°. The highest number of eggs laid by 
any female was 23O at 22° and 3 mm. Figure 2 shows that 
zone I was very favorable, zone II less favorable, zone 
III unfavorable, and zone IV fatal for ovipositlon. 
Unlike the preoviposition period, the postovipositlon 
period decreased from a low to a high saturation 
deficiency at each temperature. At 3 mm. it was shortest 
at 30° (13.6 days) and longest at 22° (55*1 days). 
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The longevity of adults showed a decrease with an 
increase in temperature and saturation deficiency. 
The adults could live for some time at 15, 25, and 35 
o o „o 
mm. at 22 , 30 , and 37 , respectively, but failed to 
t 
oviposit. They lived longer at 20 mm. and 37° than at 
15 mm. and 22° C. Probably the higher rate of 
metabolism at 37° produced a greater volume of metabolic 
water which perhaps offset the dry environment. The 
longest life of a female was 3^2 days at 22° and 3 mm.* 
The zones of suitability for adult life are shown in 
Figure 3. 
Moisture had little effect on length of the incuba¬ 
tion period. The length of the Incubation period 
decreased with an increase in temperature. The percentage 
of viability decreased from a moist, to a dry environment 
while at 3 mm. it was high at JO0 and low at 37°. The 
zones of suitability for the development of eggs are 
presented in Figure 4. The theoretical threshold of 
development was l6.£°. 
The duration of the nymphal stage showed a slight 
increase with Increase in saturation deficiency. It 
decreased with an increase in temperature. The percentage 
of survival decreased with the decrease in moisture and 
increase in temperature. All nymphs failed to develop at 
$ 
- *H5 - 
15, 25, and 35 rasa, at 22°, 3O0, and 37°, respectively. 
Although 15 mm. at 22° was fatal, a majority of them 
survived at 20 ram. at 37°* The theoretical threshold 
of nymphal development was 17.7°* 
Typically there were four instars. The average 
duration of the first, second, third, and fourth instars 
was 3.1, 2.1, 2.1, and 2.9 days, respectively. The 
duration of each instar was slightly prolonged, in the 
few cases where the insect underwent three molts. 
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CONCLUSIONS 
The nymphal instars can he definitely separated. 
The first lnatar has 9-segmented antennae and 2- 
segmented tarsi, while the second lnstar has 
15-segmented antennae and 2-segmented tarsi. Both the 
third and fourth Instars have 15-segmented antennae and 
3-segmented tarsi, hut these can he separated hy 
measuring their hody, head capsule, and antennae. 
Typically there are four lnstars. 
Both moisture and temperature affected ovlposltion. 
The heaviest ovlposltion occurred In zone I, less in zone 
II, least In zone III, and none In zone IV (Fig. 2). 
Temperature and moisture had a similar effect on the 
longevity of the adults, though the limits of zones of 
suitahility are somewhat different (Fig. 3)« The adults 
could live for some time at 15, 25, and 35 mm. at 22°, 
30°, and 37° C., respectively, hut they failed to oviposit. 
The adults oviposited at 20 mm. and 37° but not at 15 mm. 
and 22°. They lived longer in the latter than in the 
former case. This was probably due to higher rate of 
metabolism at 37° resulting in a greater volume of meta¬ 
bolic water which offset the dry environment. 
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The incubation period was little affected by moisture 
whereas it decreased with an increase in temperature. 
The percentage of viability decreased with an Increase in 
saturation deficit. The maximum number of eggs hatched 
at 3°° &nd 3 an<* 12 mm. The eggs laid and incubated at 
o 
37 failed to hatch. This temperature was not favorable 
for embryonic development. The different zones of 
suitability for the development of eggs are shown in 
Figure 4. Normal development of eggs can occur at about 
1S°. 
The duration of the nymphal stage and the percentage 
of survival decreased with an increase in temperature and 
saturation deficits. For the development of nymphs 
saturation deficiencies of 3 mm. were suitable at all 
temperatures tested; 3, 12, and 20 mm. less suitable; and 
15, 25, and 35 nim. at 22°, 30°, and 37°, respectively, 
were fatal. A majority of them, however, became adults 
at 20 mm. and 37° although they failed to do so at 15 ram. 
and 22°. Normal development of nymphs can occur at about 
19°. 
It seems that the capacity of the book louse for 
reproduction had not been fully realized. Under favorable 
environmental conditions it can lay a much larger number of 
eggs and live for a much longer time than hitherto recorded. 
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It can maintain itself at almost all the temperatures 
tested. It is more sensitive to moisture than to 
temperature, and its moisture requirements are not the 
same at all temperatures, probably due to differences 
in rates of metabolism. It can endure higher saturation 
deficits at high than at low temperatures. Its most 
rapid multiplication will probably occur at about 3°° an<l 
3 ram. 
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Part II 
THE GRANARY WEEVIL PARASITE, 
Aplastomorpha calandrae (How.) 
/ 
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INTRODUCTION 
Insects came to this earth much earlier than man 
and, in all probability, will disappear from it much 
later than he. They are the worst competitors of man 
for the possession of this world, and considering their 
power of reproduction and adaptability, it seems doubtful 
if man will ever succeed in subduing them. Luckily for 
man, they are their own worst enemies. A large number 
of insects feed on and destroy other insects and are thus 
responsible to a great extent in keeping an equilibrium 
between Insects and plant life. According to Sweetman 
(1936), there are about 224 families belonging to 16 orders 
of insects which have members of entomophagous habits. 
It is interesting to quote a few lines from Metcalf and 
Flint (192&) in this connection: '‘There is no doubt that 
the greatest single factor in keeping plant-feeding insects 
from overwhelming the rest of the world is that they are 
fed upon by other insects. It is easy to see how the 
industry of inseots and their devotion to purpose, when 
coupled with almost unlimited numbers of individuals, can 
work a miracle for us when their instincts lead them to 
seek and devour myriads of pests scattered over a farm or 
a forest. Man will probably never be able to do so much 
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in controlling his insect enemies as his insect friends 
do for him. M Though Metcalf and Flint seem to have 
overemphasized their role, the entoraophagous insects no 
doubt play an important part in the destruction of many 
injurious insects. 
Economic entomologists have taken advantage of this 
entomophagous habit of insects and have utilized them in 
combating some of the most serious plant pests, by either 
encouraging their indigenous parasites or predators or 
Importing them from other countries in case these did not 
exist here. This method of fighting pests has proved to 
be very effective and comparatively less expensive 
wherever successful. Quite a few instances may be found 
in the literature where biological control has been 
employed successfully against insect pests, but unfortu¬ 
nately there are numerous others where it has failed to 
give the desired results. These failures in most cases 
have been due mainly to injudicious selection and lack of 
knowledge of the parasite used. A comprehensive study 
of the biology and ecology of the parasite before its 
utilization, therefore, is extremely valuable in assessing 
the probable usefulness of the parasite beforehand. 
Biological control of insects received great impetus 
in this country about 1933 with the establishment of the 
- 6.o - 
Division of Foreign Parasite Introduction in the United 
States Bureau of Entomology and Plant Quarantine. But 
unfortunately after World War II, with the coming of DDT 
and some other new organic insecticides, enthusiasm and 
interest in this branch of insect control temporarily 
waned. Most of the entomologists at present seem to be 
in favor of insecticidal methods of control. 
On the other hand, in agriculturally undeveloped 
countries, such as Pakistan, the situation is vastly 
different from that found in the United States of America. 
The economic condition of the farmer, due to low yields, 
small size of the average holding, and heavy burden of 
population on land, does not permit him to employ expen¬ 
sive measures of insecticidal control. Moreover, at 
present almost all the Insecticides and machinery for 
applying them are imported from foreign countries and 
consequently are very expensive. Considering the shortage 
of food and heavy load of population that has to be 
supported, protection of crops from ravages of insect pests 
is extremely Important. Development of the oountry, 
however rapid, will take some time. Therefore, it seems 
that biological control, in Pakistan, is and will remain 
at least for some years to come, perhaps the cheapest and 
more practical method of keeping down insect pests. 
A consideration of the foregoing facts instigated 
the selection of a parasite for the studies reported 
here. 
Aplastomorpha calandrae (Howard) belongs to the order 
Hymenoptera, suborder Clistogastra, superfaraily Chalcid- 
oidea, and family Pteromalidae. It is an external 
parasite of grubs and pupae of some of the very serious 
Coleopterous pests of stored products and is considered 
to be a very common and important parasite of grain weevils 
particularly. The discovery of this parasite attacking 
the cotton stem weevil, Pempherulus afflnls (Fst.), in 
cotton fields in South India has enhanced the scope of its 
activities to the fields which were previously considered 
to be limited to pests of stored products. A review of 
literature showed that with the exception of two papers by 
Cotton (1923) and Bare (19^2), no work of any great value 
had been done on this parasite. To explore the possibili¬ 
ties of Its utilization against two world-wide notorious 
grain pests, namely, Sltophllus granarius (L,) and S^. 
oryza (L.), and to find out suitable environments for its 
mass rearing, work on this parasite liras initiated. 
The bio-ecology of this parasite has been studied for 
the first time under controlled conditions of temperature 
- - 
and moisture. Its ability to reach the host at various 
depths In the grain and efficiency in checking weevil 
infestations have been worked out quantitatively. With 
the knowledge thus gained it has been possible, to a 
certain extent, to evaluate its usefulness in biological 
control work. 
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REVIEW OF LITERATURE 
I. Parasite, Aplastomorpha calandrae (Howard) 
1. History and Synonymy. 
This parasite was recorded for the first time in 1331 
by Comstock, from a sample of corn infested with Sltoohllus 
oryza (L.) from Hampstead, Texas. In the same year it was 
bred also from Sltodrepa panicea L. It was considered to 
be a new species and hence described by Dr. L. 0. Howard 
under the name of Pteromalus calandrae. 
In 1399, Chittenden recorded it as parasitic on 
Bruchus maculatus F., under the name of Aplastoaorpha 
pratti Ashra. MSS. 
Since then it has been recorded from many countries 
and from various hosts. 
Grahan (1923) gave the synonymy of this parasite as 
follows: 
Aplastomorpha calandrae (Howard) 
Pteromalus calandrae Howard. Rept. U.S.D.A. 1330-1331:273* 
Meraporus calandrae Ashmead. in Smiths Ins. N. J. 1900:553. 
Meraporus vandinei Tucker. Can. Ent. 4-2 (1910):34-3. 
Aplastomornha orattt Crawford, Proc. U. S. Nat. Mus. 
47 (1913)!252. 
Neocatolaccus australiensls Girault, Mem. Queensl. Mus. 
2 (1913)5306. 
- 64 - 
Aplastomorpha australlensle Girault, Mem. Queensi. Mus. 
3 (1915)S313. 
Neocatolaccue vandlnel Girault, Ins. Ins. Mens. 
5 (1917):152. 
Aplaetomorpha vandlnel Gahan, Proo. Ent. Soc. YJash. 
22 (1920)5239. 
2. Hosts and distribution. 
The hosts and distribution of this parasite are shown 
In Table 1. It will be seen from this Table that A. 
calandrae has a wide distribution. Its native home is 
not known. However, it seems quite probable that spread 
of this parasite took place mainly through international 
commerce in stored products, especially corn, wheat, and 
tobacco infested with Its hosts. This belief is 
strengthened by the fact that cargoes of Australian wheat 
were found infested with weevils and the parasite In Canada 
(Hewitt, 1920), and California, U,S.A. (Doane, 1919)* 
Within the country, also, the movements of stored products 
would facilitate its dissemination. The insect itself is 
a strong flier (Livingstone and Reed, 193^) and distributes 
itself well (Bare, 1942). Schwltzgebel and Walkden (1944) 
found this parasite, amongst other insects, entering wheat 
bins 
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Chittenden (1&97) considered this parasite as foreign 
to the United States. Bianchi (1940) put it in the 
category of self-immigrant to Hawaii. Nothing is known 
about its distribution in other countries. 
Table 1 shows that A. calandrae (How.) has a variety 
of hosts, mainly Coleoptera, infesting stored products. 
These may be summarized as follows: 
Anobiidae - Sltodrepa sp., jS. panlcea L., Catorama 
herbarium Gorh., Lasioderma serricorne F. 
Bruchidae - Bruchun chlnensis L., B. maculatus F., 
B. phaseoli Gyll., B. pruinlnus Horn, 
Pachymerus sp. 
Calandridae - 31toohilus oryza (L.), £3. granarlus (L.). 
Curcullonidae - Caulophllus latlnasus Say, 
Pempherulus affinls (Faust). 
Nitidulidae - Carpophllus obsoletus Er. 
Cotton (1923) reported that Girault (1913) observed 
this parasite on 1 grain moth1 as well as miscellaneous 
forest galls. These observations have not been confirmed. 
It is reoorded that A. calandrae (How.) which usually 
parasitizes Coleoptera in stored products, was observed by 
Krishna Ayyar (1940) in South India attacking stern-boring 
weevils, Pempherulus affinis (Faust), on Triumfetta 
rhomboidea. Sida acuta, and cotton in the fields. 
- 66 - 
Table 1 
Hosts and distribution of Aplastomorpha calandrae (How.) 
Country Host Authority 
Australia Sitophllus oryza (L. ) Hill (1915) 
Weevils in wheat Doane (1919) 
Hewitt (1920) 
British Guiana Laeioderma serrlcorne (Fab.) Bodkin (1914,15) 
Formosa Carpophilus obsoletus Er. Okunl (1923) 
Greece Lasloderma serrlcorne (Fab.) Reed (1935) 
Isaakides (1935) 
Hawaii Bruchus chinensls L. Bridwell (1917) 
Tlmberlake (1924) 
Blanchi (1940) 
Bruchus phaseoli Gy11. Bridwell (1917) 
Tlmberlake (1924) 
Blanohl (1940) 
Bruchus pruininus Horn. Tlmberlake (1924) 
Bruchus maculatus F. Bridwell (1917) 
Tlmberlake (1924) 
Blanohl (1940) 
Catorama herbariumjGorh. Tlmberlake (1924) 
Swezey (193&) 
Blanchi (1940) 
Sitophllus oryza (L. ) Tlmberlake (1924) 
Blanohl (1940) 
India Pempherulus affinis (Fst.) Ferriere (1939) 
Krishna Ayyar (1940) 
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Country 
India (Cont.) 
Jamaica 
Java 
Malaya 
Nyasaland 
Russia (Kiev) 
Turkey 
U. S. A. 
Table 1 (Cont.) 
Host_Authority 
Sltodrepa so. Rama^rlshna Ayyar (1921,2?) 
Ramakrlshna Ayyar and 
Margabandu (1934*) 
Sltophllus oryza (L.) 
Sltoohllus oryza (L. ) 
Paohymerus sp. 
Bruchus chlnen8l3 L. 
Lasloderma serrlcorne (Fab.) 
Sltophllus granarlus (L.) 
Lasloderma serrlcorne (Fab.) 
Bruchus maculatus F. 
Caulophllua latlnasus Say 
Lasloderma serrlcorne (Fab.) 
Pruthi (1937) 
Gowdey (1925) 
Girault (1919) 
Corbett and 
Miller (1933) 
Smee (194-5) 
Vasslliev (1916) 
Reed (1935) 
Chittenden (1599) 
Esslg (1926) 
Biesell (1940) 
Cotton (1922,23) 
Runner (1917,19) 
Livingstone and 
Reed (1936) 
Back (1939) 
Bare (1942) 
Reed and Vinzant (194-2 
Sltodrepa sp. 
Sltodrepa panlcea L. 
Sltophllus sp. 
Chittenden (1597) 
Comstock (1551) 
Vlereck jgJ; al (1916) 
Esslg (1926) 
Chittenden (1597) 
Table 1 (Cont.) 
Country_Host Authority 
U. S. A. (Cont.) Sltophllus granarlus (L.) Cotton (1923) 
Back and Cotton 
(1926) 
Sweetman (1936) 
Sltonhllus oryza (L. ) Comstock (1$&1) 
Tucker (1910) 
Vlereok £$ _al (1916) 
Cotton (1920,23) 
Esslg (1926) 
Sweetman (193^) 
- 69 - 
3* Economic Importance. 
A. calandrae Is a common parasite of some very 
destructive coleopterous pests mainly of stored products 
of Immense economic value. The consensus of opinion of 
most workers, however. Is that it is not capable of con¬ 
trolling the attack of these pests and hence cannot be 
depended upon. 
It is of chief economic importance as a parasite of 
the grain weevils and is an effective enemy of the rice 
weevil, £. oryza. However, it did not give complete 
control as it produced a smaller percentage of females 
and often wasted several eggs on a single host, resulting 
in a lower rate of reproduction than that of the rice 
weevil (Cotton, 1923)• Back (1939) observed that though 
the parasite was extremely abundant in cotton seed meal 
warehouses infested with L. eerrlcorne. It was not active 
enough to prevent destruction of sacks by this pest. 
A. c&l&ndrae was the only parasite observed attacking 
larvae of L. serrlcorne. but it did not bring any great 
degree of reduction in the number of its hosts and hence 
could not be regarded as an Important factor in its con¬ 
trol. It became abundant when the host was numerous as 
it gained access to the hosts through the feeding tunnels 
and exit holes of the early maturing individuals. During 
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low Infestations, on the other hand, it found difficulty 
in crawling through the feeding tunnels of the host larvae 
in tightly packed tobacco. Moreover it was very 
susceptible to low temperatures and methods used for con¬ 
trolling cigarette beetle (Livingstone and Reed, 1936; 
Reed and Vlnzant, 1942). 
4. Descriptions of various stages. 
Adult (Plate I, A) 
The female normally is about 2 mm. in length, dark 
metallic green in color, with yellow legs. The male is 
smaller with a yellowish white spot on the light brown 
abdomen. Considerable variation in size occurs in both 
sexes (Cotton, 1923)* 
It will be seen from the synonomy that it has been 
described by various systematists independently. The 
earliest description is that of Howard (1361) who 
described it from a male specimen. Tucker (1910) 
described both male and female. 
Howard (1SS1) gave the following description of the male: 
rtMale: Length of body, 1.15 mm. Expanse of wings, 
1.65 mm. Width of forewing, O.36 mra. Head large, 
somewhat broader than thorax. Antennae subclavate, 
somewhat pilose, as long as thorax; joint 5 small, 
equal in length to the two ring joints; thorax nearly 
as broad as long; almost no indications of parapsidal 
furrows. Abdomen cordate, sessil, stout. Head, 
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face, and dorsum of thorax finely punctured, with 
many fine white hairs. Abdomen smooth and shining. 
Color: head and thorax steel-blue; abdomen yellow 
brown at base, black and shining at tip; antennal 
scape fuscous, flagellum nearly black; all femora . 
dark brown; tibia lighter; tarsi nearly white, last 
joint darker; wing veins yellow-brown. Stigmal 
vein as long as marginal, and one-half as long as 
subraarginal.* 
Tucker (1910) described the sexes as follows: 
“Male: Antennae with larger microscopical pits 
than female; the first and second ring Joints very 
small and compressed, the third appears as the 
first Joint of the funicle, but is smaller and 
shorter than the true funicular Joints. Abdomen 
hardly as long, or at most not longer than thorax, 
almost flattened above, not deeply keeled ventrally, 
widest near apex, and with a dorsal fulvous area 
near base expanding to the lateral edges; otherwise 
agreeing with female. (Length ranges from 1 mrn. 
to 1.5 mm.). '■ 
“Female: Head and thorax dark greenish, clothed 
with thin and fine silvery pubeseence, a thick 
linear patch on each side of the metathorax; 
abdomen smooth, shining greenish, thinly pubescent 
on apical segments, venter deeply keeled; head 
transverse, somewhat wider than thorax, finely 
reticulated rather than punctured on occiput, front 
and cheeks with convergent striae at oral margin of 
middle of face; front above insertion of antennae 
hollowed for reception of scapes; mouthparts 
ferrugineous, each mandible with four denticles; 
antennae about as long as thorax, scape dull reddish; 
flagellum dull reddish beneath, darker above, with 
fine silvery pubescence; pedicel about twice the 
length of the three ring Joints together, but 
scarcely longer than the first funicle joint, which 
appears distinctly longer than wide, second and third 
funicle Joints slightly longer than wide, fourth and 
fifth ouadrate; club expanded at junction of first 
and second Joints, the third forming a small conical 
tip. Anterior ocellus situated but little in 
advance of a median point between the posterior ones. 
r’;-. r'.-y* VL' "i ' * 
, Hit * /j'v 
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“Thorax with fine shallow thimble-pitted punctures, 
contiguous and distinctly larger than on head; 
length of thorax scarcely exceeds the width, 
parapsidal furrows very faint only on anterior half 
of mesonotum. Metathorax very finely punctured, 
with a median longitudinal carina; metathoracic 
neck very short, smooth; lateral folds indicated by 
basal foveolae only, spiracles very small, broadly 
oval; spiracular sulci very deep and distinct. 
“Tegulae fulvous; wing-veins yellow, dilate, 
stigmal vein shorter than marginal or postmarginal 
by about one-fourth the length; lege yellow, excepting 
the coxae, femora in greater part between the base 
and apex, and last tarsal Joint outwardly, which are 
dark brown or fuliginous. Tibiae of middle and 
posterior legs little longer than femora or tarsi, 
which are about equal in length, but no noticeable 
difference in these respects with fore legs. 
Comparatively the fore lege are shorter than the 
others. (Length ranges from 1.25 rarn. to 2 mm.).rt 
Cotton (1923) gave the following descriptions of the 
immature stages; 
Egg (Plate I, F) 
“The egg is opaque shining white, the surface 
somewhat roughened with minute raised spots; it 
varies considerably in shape but is usually 
somewhat spindle-shaped, with one end thicker and 
more rounded than the other. Length 0.46 to 0.5 
mm., width 0.14 to 0.l6 mm. “ 
Larva (Plate I, D) 
“The newly emerged larva is about 0.5 mra. long 
and 0.20 ram. wide. It is a footless, fleshy grub, 
widest at the head and thorax and tapering caudad. 
It is transparent, smooth, and shining; body com¬ 
posed of 13 segments besides the head; head ^pro¬ 
vided with a pair of slender chitinlzed mandibles, 
0.019 to 0.02 mm. in length. 
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“The full-grown larva is of typical chalcid form; 
widest at the middle, it tapers both cephalad and 
caudad; smooth and shining in appearance, white in 
color but muddy-looking from the contents of the 
alimentary canal, which is greatly distended and 
appears nearly to fill the body cavity. The head 
is fairly prominent, bearing two tubercles and 
several small setae, mouth-parts consisting mainly 
of two chitinized mandibles, 0.053 to 0.057 mra. in 
length; mesothoraclc, metathoracic, and first 7 
abdominal segments bearing a pair of spiracles. 
The thoracic segments are provided with 4 setae on 
each side. Abdominal segments 1 to 9, inclusive, 
have a subdorsal and sublateral row of setae on 
each side, one seta per segment in each row. The 
anal segment has a dorsal and ventral lobe, dorsal 
lobe has 4 setae, and ventral lobe has 2 setae. 
Length 2.7 to ®m., width 1.0 to 1.2 ram. “ 
Pupa (Plate I, E) 
“The pupa is at first perfectly white in color but 
soon turns to a pale yellowish brown, the eyes and 
ocelli turning reddish, and the mandibles brown. 
As the pupa gets older the eyes turn a darker red, 
and the thorax becomes dark in color followed by 
the head. Finally the abdomen of the male becomes 
banded with black and that of the female entirely 
black. The sexes may be readily distinguished in 
this stage by the difference in size, the females 
being considerably larger than the males. Male: 
length 1.45 to 2.0 mm., width 0.6l to 0.79 mm. 
Female: length 2.2 to 2.4 mm., width 0.90 to 1.0 
mm. “ 
* * Wir • W ^ 'A a» .F •» * . 
Plate I 
Aplastomorpha calandrae (Howard) 
A - Adult female 
B - Mandible of first-stage larva 
C - Mandible of mature larva 
D - Mature larva 
E - Pupa 
F - Egg 
G- - Male adult 
Plate I. Aolastomorpha calandrae (How.) (From Cotton, 1023) 
—Am—————— — i i —A——— ——■ i ■ ———— ' 
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5* Hearing techniques. 
Cotton (X923) used gelatin capsules for the studies 
on the life history of A. calandrae. Larvae of the rice 
weevil were placed singly in these capsules. A snail 
piece of absorbent ootton was packed behind the larvae to 
hold them in position and exposed to the parasite for ovi- 
posltlon. The number of eggs laid and the development 
of the parasite could be clearly observed through the cap¬ 
sule. Pricking small holes in the capsule near the host 
larva provided ready access for oviposition of the parasite. 
A similar method was used by Wellington (194-5) for 
studying the biology of Dlbrachys boucheanus Ratz and 
Apanteles carpatus Say. 
Bare (194-2) reared this parasite in large numbers on 
the cigarette beetle in corn meal and yeast. The cells 
containing larvae and pupae of the cigarette beetle were 
sifted from the food and exposed to the parasite for 
oviposition. 
6. Biology. 
A. c&landrae is a very common ectoparasite of larvae 
and pupae of some coleopterous insects. Bridwell (1917) 
observed a parasite on Bruchids which was endoparasitic 
until it was nearly full grown, when it became ectopara- 
sitlc and completed the rest of its development externally. 
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He doubtfully referred to It as A. calandrae. Endo- 
parasitlc development of this Insect has not been 
recorded, hence the species concerned is doubtful. 
Copulation took place Just after emergence and lasted 
for from 9 to 35 seconds. Sex attraction was very weak. 
Parthenogenetic reproduction occurred, the offspring being 
males, but the number of eggs laid was reduced to about 
half of that deposited by fertilized females, although the 
longevity was not affected. 
Oviposition started on the first or second day after 
emergence. Larvae, prepupae and pupae of the host were 
all attacked, though the parasite showed preference for 
the larval stage. The female moved over the infested 
grain exploring carefully the surface of the grain with 
the tips of her antennae. After locating the host grub, 
the ovipositor was inserted through the shell of the grain 
and the host paralyzed. The ovipositor was again inserted 
and a single egg was deposited on or in close proximity to 
the host grub. It usually laid one egg on a host, but 
under confinement and a limited supply of hosts, wil}. 
attack the same host more than once. It was very rare 
that more than one parasite developed from a host. The 
oviposition period continued to about a week before death, 
the longest and shortest periods being 73 an& 39 days. 
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The eggs were laid at the rate of 1 to 12 per day. 
The number of eggs per female varied from 51 to 2&3, 
the average being 170. More eggs were laid in summer 
than in winter. 
The incubation period occupied 1 1/2 to 2 days in 
summer and 5 days in winter. During summer the larval 
stage lasted from 3 *to 5 days but during winter it was 
prolonged and varied from 9 to 1& days. The prepupal 
stage was very short and lasted only a few hours. The 
pupal stage occupied 6 days in the case of the male, and 
7 days in the female, during summer, while during winter 
it was prolonged to as much as 3° days. Under laboratory 
conditions about 40 per cent of the offspring were females. 
The average life of males and females was ^7 and &2 days, 
respectively. Those without hosts and food lived for a 
much shorter time. The parasite, on the average, com¬ 
pleted its life cycle in less than half that of its host, 
flitophllus oryza. The average number of eggs laid by the 
parasite and the host during summer was 259 and 38O, and 
the percentage of females in the progeny 4-0 and 60, respect¬ 
ively (Cotton, 1923). It was capable of producing several 
generations to one of the host (Clausen, 19^0). 
On L. serrlcorne the egg, as well as larval stage, 
occupied six days, whereas the pupal stage lasted for 
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about seven days (Runner, 1919). The period of 
development from egg to adult varied from 10 to 285 days, 
with an average of l6 days, at 21.7° to 3O0 C. and 4-2 to 
72 per cent relative humidity. The time from emergence 
of the first adult until the adults of that generation 
ceased ovipositing was 115 days. Thus the broods over¬ 
lapped and enabled the species to overcome the scarcity 
of the host to a great extent. The proportion of males 
was high. The average longevity of males that mated was 
22 days, while those which did not, lived for 100 days. 
The females that mated and oviposited lived for 39 days, 
while those which did not oviposit lived for 100 days. 
The adults were not strongly phototropic and often feigned 
death when disturbed (Bare, 194*2). 
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II. Biology of the host, Sitophllus granarlus (L.) 
The granary weevil is a shiny, chestnut brown or 
blackish, flightless beetle with a long, slender snout, 
measuring not more than 3/16 of an inch and often smaller. 
The thorax is well marked with longitudinal punctures. 
It is the oldest known cosmopolitan insect pest of a 
variety of grains. The damage is caused by direct feeding 
of the adults, which are voracious and long-lived, as well 
as by the larvae. All the immature stages are passed 
inside the grain. 
Oviposition began 6 to l43 days after emergence, 
depending upon the season. The eggs were laid in small 
holes bored into grains and sealed afterwards with a 
gelatinous material. Weevils emerging in the Fall did not 
oviposit until the next Spring (Back and Cotton, 1926). 
The preoviposition period was 5, 20 to 25, and 7° to SO days 
at 25°, l6° to IS0, and 12.5° to 14.5° 0., respectively 
(Mathlein, 193^). 
The rate of oviposition varied with the temperature. 
In grain having 15 to 17 per cent moisture, females 
oviposited at the rate of one egg at an Interval of a few 
days at 15° to IS.6°, one egg daily at 17.5° to 21.1°, one 
to two eggs daily at 21.1° to 23.9°, and two to three eggs 
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at 23.9° to 27.S° (Strachov-Koltchin, 1915). Back and 
Cotton (1926) recorded one to five eggs dally, depending 
upon the season. 
The number of eggs laid varied from 36 to 254 (Back 
and Cotton, 1926). A pair of adults could produce 1,000 
individuals in an unheated warehouse, and 300,0°0 in a 
heated in a year's time (Anderson, 1934). At 26° C. they 
laid, on the average, 200 eggs. No eggs were laid above 
33° and below 12° (Kunlke, 193^)* above 35° or below 13° 
(Tsai, 1934). The greatest number of offspring was 
produced between 25° and J0° in a saturated atmosphere, 
and above 3^° the number began to decrease. Maximum 
fertility occurred at 17.5 per cent moisture, reproduction 
almost stopped at 3.9 per cent, and slowed down at 23 per 
cent (Lavrekhin, 1939). 
The longevity of the adults was closely related to 
temperature. At -2.3° C. and below they did not show any 
sign of life, at 11.1° they lived and fed normally but did 
not mate. At 12.5° pairing started, and at 19.2° pairing 
and oviposition both occurred, the eggs being laid at the 
rate of one per diem. Oviposition continued over 3 to 6 
months, and females lived 1 to 4 weeks afterwards and males 
lived 1 to 4 months longer than the females (Strachov- 
Koltchin, 1915). The average life of the adults during 
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summer was 7 to 3 months. The adults kept at 10° to 
15.6° lived for 373 days (Back and Cotton, 1924). 
The incubation period varied from 4 to 15 days 
depending upon the time of the year. Eggs failed to 
hatch above 35° or below 12.3° (Back and Cotton, 1926). 
The egg stage lasted for 10 to 11 days at 26° and about 
3 months at 17° (Anderson, 193*0• 
The larval stage occupied 19 to 3*^ days during 
summer, the longest being 59 days during winter (Back 
and Cotton, 1926). At a constant temperature of 17.2° 
C. it was 34 days, and at 24.7°, 21.5 days. Moisture 
accelerated development of larvae (Strachov-Koltchin, 
1915). 
The prepupal stage lasted from 1 to 2 days. The 
pupal stage during summer occupied 5 to 7 days, and during 
cold weather 10 to l6 days (Back and Cotton, 1926). At 
constant temperatures it lasted for 22 days at 15.6°, 
l6 days at 13.3°, and 10 days at 21.94° (Strachov-Koltchin, 
1915). 
Development from egg to adult in summer was completed 
in 30 to 40 days (Back and Cotton, 1926). At a temperature 
of 23° and 70 per cent relative humidity the development 
was most rapid, in 3^*5 days (Anderson, 193*0* The 
minimum times required at 27°, 23«5°» and 14 to l6° were 
29, 33, and 113 days, respectively (Mathlein, 193&). 
✓ 
Development was slowest at 13° and high relative 
humidity, most rapid at 24° to 27° and 95 to 100 per cent 
relative humidity. The increase in numbers was more 
dependent on humidity than on temperature (Tsai, 1934). 
The optimum conditions for weevil in barley were 
25° and 93 Per cent relative humidity. Under these con¬ 
ditions the longevity of adults was greatest (94.6 days); 
period from egg to adult shortest (35 days); and progeny 
reaching adult stage highest (96 per cent). At all the 
temperatures tested, longevity of adults varied directly 
with the humidity (Khabirova, 1936). 
The adult weevils could not endure a moisture content 
of the wheat of 6.2 per cent, did not breed below 10 to 12 
per cent, and showed a substantial increase in the rate of 
breeding with the increase in moisture up to l4 per cent. 
The optimum probably was 17.5 per cent. It could raise 
the moisture content of the wheat by 5 to 6 per cent by 
feeding on it (Robinson, 1926; Gay and Ratcliffe, 1941). 
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MATERIALS AND METHODS 
1. Materials. 
(a) Parasite culture. The parasite, Aplastomorpha 
calandrae in corn infested with rice weevil, was very 
kindly supplied by Dr. Richard T. Cotton of the U.S.D.A., 
Bureau of Entomology and Plant Quarantine from Manhattan, 
Kansas. The identification of these parasites was later 
confirmed by Dr. C. F. W. Muesebeck of the U. S. National 
Museum. 
The cultures of parasites in the laboratory were 
reared on Sltophllus granartus in wheat as well as in corn. 
(b) Host cultures. Small cultures of Q. oryza and 
S. granarlus were available in the laboratory and adults 
from these were used for further propagation. The cultures 
were raised in quart Kerr Jars and gallon mayonnaise Jars. 
These were about three-fourths filled with wheat or corn 
and large numbers of weevils liberated in them. Fine 
meshed wire gauze or paper towel discs were screwed on the 
top to avoid excessive humidity and to allow aeration. The 
grain used had at least 10 per cent moisture as otherwise 
weevils would not develop. 
Weevil cultures at least three weeks old were employed 
for starting new parasite cultures and for use in experi¬ 
ments. This was done to ensure the presence of all stages 
of the host 
To reduce the chances of mite infestations, the grain 
to be used for weevil cultures was either heated directly 
over a burner and kept at 50° to 6o° C. for a few minutes, 
or poured into boiling water and then dried. The 
cultures were then placed in dishes containing water. 
2. Methods. 
The more commonly used method consisted in supplying 
infested grains in S-drarn glass vials to the parasite for 
oviposition. Usually about 200 grains from infested 
cultures were exposed to each female daily. Previous 
examination showed that the grains had at least 20 per 
cent larvae and pupae of the host of suitable age and size. 
By this method only total duration of the immature stages 
and the surviving number of offspring could be studied. 
For detailed biological studies on this parasite, 
No. 5 gelatine capsules, as used by Cotton (1923)* were 
employed. The host larvae and pupae of suitable age and 
size were used. Oviposition and development of the 
parasite were observed microscopically through the capsule, 
without disturbing the host or the developing parasite. 
At high humidities the capsules became soft and a 
little foggy, and gave some trouble at the time of exami¬ 
nation. This method was very laborious and time consuming 
and hence was employed for limited studies only. 
Temperature and moisture control. Controlled 
temperature cabinets as described under the book louse 
were used In these experiments also. Two chambers 
were maintained at 25° and 3O0 C. with a variation ofil°, 
while the third fluctuated from 19° to 22.5° with an av¬ 
erage of 22°. 
Moisture was controlled with various salts in pint 
rubber-sealing fruit Jars, as employed in the experiments 
with the book louse. Three saturation deficiencies, 
3, g, and 15 mm., were used at these temperatures. The 
relative humidity, however, varies with the temperature. 
Table 2 gives the saturation deficiencies employed at 
various temperatures and salts used to obtain these. 
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Table 2 
Temperature 
Saturation deficiencies employed 
and salts used to obtain them 
Saturation deficiency 
(mm, of mercury) Salt - 0. P. 
22° 0. 3 
& 
15 
Potassium chloride 
Sodium bromide 
Potassium acetate 
25° c. 3 
S 
15 
Sodium potassium tartrate 
Sodium acid sulphate 
Chromium trloxide 
30° C. 3 
8 
15 
Copper chloride 
Sodium nitrate 
Sodium nitrite 
HABITS AND BEHAVIOR OF THE PARASITE 
Adults of A. calandrae show a weak positive response 
to light. When adults escape they fly to the nearest 
source of light. In search of hosts, however, they move 
readily into darkness. They are fairly strong fliers 
and hence capable of wide dispersal. They exhibit a 
very strong attraction to grain even when free of hosts. 
Free females in the laboratory were attracted to and 
sought entrance into infested wheat in Jars closed with 
paper towels. 
(1) Movements of parasite in grain. A glass tube 
1 1/2 feet long and 3/4 inch in diameter was filled to 
within one inch of the top with uninfested wheat. Three 
pairs of parasites were liberated at the top of the 
grain and the tube closed with a cork. The tube was held 
in an upright position and the movements of the parasite 
observed. After about two minutes of liberation the 
females entered the grain and moved along the interspaces 
without disturbing the grain. For about half of the 
length of the tube they moved inside the grain column, 
occasionally appearing on the inner sides of the tube, 
but after that they were more often seen moving along the 
spaces between the grains and the tube, sometimes extend¬ 
ing their rovings into the grain. In about thirty minutes 
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two females had reached the bottom of the tube, while all 
the males remained In the empty space at the top. 
The females moved downwards in the uninfested grain, 
probably in search of hosts, even though not present. 
The different depths of uninfested wheat and corn grains 
traversed by females to reach the infested grain at the 
bottom is discussed elsewhere (page 124). 
In order to determine if the parasite would move 
upwards through unlnfested wheat, a heavy paper carton 
21/2 feet high and 3 inches wide was erected, with a 
four-inch space at the bottom, covered with wire gauze 
(S meshes to the inch). Uninfested wheat was added to 
within four inches of the top and the column covered with 
a petri dish. Seven males and ten females were liberated 
in the bottom space. The observations are recorded in 
Table 3* 
Table 3 
Movement of parasite in grain 
Time in hours after liberation Parasites observed at the top 
72 
96 
1 female 
2 females 
100 1 male and 2 females 
124 
136 
1 female 
None 
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After eight days the column of grain was broken 
down into different lengths, sieved, and dead parasites 
recorded, as in Table 4. 
Table 4 
Dead parasites recovered from 
different depths in the grain column 
Length of wheat column from Parasites recovered 
too to bottom in Inches_Males_Females 
0-3 1 4 
0 0 
10 - 17 0 2 
17 - 24 
24 - 30 
0 
0 
1 
1 
Empty bottom space 6 2 
Apparently the females move in all directions in 
search of hosts, irrespective of their presence. Infesta¬ 
tion of the grain, therefore, is not necessary for their 
prowlings in the grain. Evidently the males usually do 
not follow the females into the grain. The position of 
six pairs in glass vials, whether in or outside the grain 
mass, was recorded once a day throughout their lives. 
With the exception of one male which was seen in the grain 
one day, all the males were found outside. Almost all the 
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females remained outside the grain for the first day after 
their emergence, apparently for copulation. Afterwards 
they were Inside the grain moat of the days. 
Feeding of adults. Like many other Pteromallds, the 
females of A. calandrae fed on the body fluids of their 
hosts, by constructing 'feeding tubes.' On hosts in 
capsules the feeding tubes could be seen clearly as thread¬ 
like structures connecting the host and the capsule, even 
for many days after feeding. The adults fed readily on 
sugar syrup and on honey, as well. 
(2) Ovlppsltlpn and development. The parasite laid 
eggs on any part of the host or in the cavity near it. 
Grubs on hatching crawled about and perhaps damaged 
unhatched eggs before settling down to feed. In the 
beginning they fed on body fluids of the host, but later 
started consuming tissues as well. 
In preparation for pupation the mature grub invariably 
emptied its alimentary tract. The prepupation period 
lasted for about a day. 
Changes in coloration occurring in pupae were observed 
at 25° C. In the case of female pupae, about one day after 
they had emptied their alimentary canal, the three body 
regions, l.e., head, thorax and abdomen, were well 
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differentiated and body appendages clearly discernible. 
The color was extremely light or almost white. For the 
next two days no external change was observable except 
that the color became deep yellow, whereas on the fourth 
day eyes and ocelli turned red. On the fifth day the 
thorax and then the head changed to black. The abdomen 
turned black on the sixth day. Similar changes were 
observed in the male pupae except that these occurred a 
little earlier due to the shorter cycle. When their 
abdomens turn black, the male and female pupae may be 
recognized easily by the presence of a large whitish area 
on the dorsal as well as the ventral half of the abdomen 
of the male. 
The adults gnawed holes in the grain for emergence. 
The holes were more circular and neatly cut as compared 
to the exit holes of the grain weevils, and thus could be 
easily differentiated from them. 
IX 
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PARTHENOGENESIS 
The females of A, calandrae are known to lay eggs 
parthenogenetically, the progeny always developing Into 
males (Cotton, 1923). The offspring of seven unferti¬ 
lized females were studied. All of the progeny 
consisted of males (Table 5). Under similar conditions 
of temperature and moisture, fertilized females produced, 
on an average, S4-.4- individuals of both sexe6, more than 
twice that of the unfertilized ones. There did not 
seem to be any difference in the longevity of fertilized 
and unfertilized females. Similar observations were 
made by Cotton (1923). 
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Table 5 
Number of offspring developed from unfertilized females 
Female Number of offspring 
Number(Males) 
1 
2 
3 
4 
5 
6 
7 
14 
73 
32 
**3 
o 
31 
56 
36.7 Average 
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COPULATION 
Males usually emerge earlier than femalee and copu¬ 
lation takes place within a few hours after emergence of 
females. The significance of earlier emergence of males 
is not properly understood. The male may stand in front 
of the female, face to face, and start courting by 
caressing her antennae; or may stand at her back and tap 
her abdomen with his antennae. The female remains 
comparatively passive whereas the male evinces signs of 
excitement by quick movements of wings and antennae. 
After a brief courtship he tries to ride her. The female 
may remain quiet or move away with the male following her. 
At the time of copulation the female raises her abdomen a 
little while the male bends his around that of the female, 
clinging to her thorax and wings. Copulation was observed 
in nine cases where it lasted from 2 to *KL seconds with an 
average of 21. It Is, however, not certain that in cases 
where it lasted for short periods of 2 or 3 seconds it was 
successful or not. Frequently two or three males try to 
ride a female at the same time, though eventually either 
she shakes them off or they fall off themselves, still 
clinging to each other. Males may also occasionally be 
seen riding and clinging to other males. 
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In order to determine If one mating was enough to 
fertilize the normal quota of eggs, three.unmated females 
were allowed to mate once. They were then kept with 
infested grains in Jars at J0° C. and fed on honey. 
Their total progeny consisted of 72, 97, and && individuals, 
out of which 75.0, 6o.S, and 75.0 per cent, respectively, 
were females. Thus one mating is ample for the female to 
lay the usual number of fertilized eggs. How many times 
a female mates in her lifetime in nature is not known at 
present. 
An attempt was made also to find out if one male 
could fertilize more than one female. Batches of 3, 4, 
and 6 unmated females were given one male per batch. The 
male was allowed to stay with females for one day with the 
first, and two days with the second and third batch of 
females, in Jars containing infested grains. After this 
period females were removed and kept separately in Jars 
containing a fresh supply of infested grains, while the 
male was given to another unmated female and allov/ed to stay 
with her. The total number of offspring produced by these 
females and the percentage of females are given in Table 6. 
It will be seen that in the first batch of 3 females, 
all reproduced normally; whereas in the second batch 
2 females laid normally x*hile 2 did not. This, however, 
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cannot be attributed to any deficiency on the part of the 
male as females are known to produce quite a good progeny 
of males, even parthenogenetically. In the case of the 
third batch of 6 females all produced quite a good 
percentage of females. However, an additional unmated 
female given to this male, after being removed from its 
batch of females, produced only one male. This is again 
not attributed to faulty copulation but to some other 
cause. In the second batch, on the other hand, an unraated 
female having a similar male produced a few eggs but the 
percentage of females was very low. This seems to be due 
to the age of the male, which was already three days old 
when given to this female. 
It is quite evident from the foregoing observations 
that one male is capable of fertilizing more than one 
female. This is very important in view of the fact that 
in the course of these studies the females exceeded the 
males in the majority of cases. 
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OVIPOSITION 
After it emerges and Is ready to lay eggs, the female 
crawls over the infested grains and surveys them with her 
antennae for the host grubs. After locating one she 
pierces the shell of the grain with her ovipositor and 
paralyzes the host. After a few thrusts the ovipositor 
is withdrawn but is soon reinserted and an egg deposited. 
The females preferred grubs more than half grown, prepupae 
and early pupae exposed in gelatin capsules. If hosts 
were scarce young grubs were also attacked but in that case 
the parasite developing on them was small in size. If the 
host grub is too small, the food supply is exhausted and 
the parasite grub dies. The grub onoe oviposited upon 
never regains activity. The parasite grub frequently 
consumes the entire host. While only one parasite per host 
was observed to develop, up to seven eggs have been observed 
on one host. However, Cotton (1923) observed two parasites 
maturing on one host In a few cases. Usually only one egg 
hatched per host while the surplus shrivelled and died. 
Cases also came to notice where four or five eggs had been 
laid but none hatched. In Wo or three cases, first-hatched 
larvae were seen clinging to unhatched eggs; whether they 
were damaging or feeding on them is not certain. Two 
freshly hatched larvae on one host were also observed in 
at least two cases but by the next day one of them had 
disappeared. It appears, therefore, that laying of more 
than one egg on one host is superfluous, but this seldom 
occurs if the host is plentiful. 
In oviposition studies on hosts in grain it was not 
possible to determine the actual number of eggs laid. 
An attempt was made to supply more hosts than required by 
the parasite for this purpose. Therefore, it has been 
assumed that the parasite laid only one egg per host, and 
hence the number of offspring developed has been taken as 
indicative of the number of eggs laid. 
(1) Effect of availability of hosta on oviposition. 
The effect of availability of hosts for oviposition 
on the number of offspring developed was studied at 3°° C. 
and 3 mm. saturation deficiency, by exposing 100, 200, and 
300 grains from an infested culture to some pairs 
throughout their lives, while a few others were given 100 
and 200 grains on alternate days. The same stock culture 
of hosts was used throughout these studies and had the 
usual number of above twenty suitable host grubs and pupae. 
The Influence of availability of suitable hosts in 
grain is obvious (Table 7). The maximum number of 
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parasites emerged when 200 or 300 grains from weevil 
Infested cultures were offered daily. v/hen 100 kernels 
per day were exposed a marked reduction in parasite off¬ 
spring resulted. This fact was further confirmed by 
pairs receiving 100 and 200 grains on alternate days 
which, on the average, produced more offspring on the 
days when 200 grains were exposed. 
Table 7 
Effect of availability of host on offspring 
developed at 30° C. and 3 mm. saturation deficiency 
Number of offspring developed 
No. ot Daily per female 
Number of grains exposed Pairs Average Average Extremes 
100 daily throughout 
the life of female 3 
100 and 200 on ) J.00 
alternate days) 200 4- 
200 daily throughout 
the life of female 3 
300 daily throughout 
the life of female 3 
11.0 
101.3 6S 157 
17.4 108 45 225 
— 139.3 111 102 
134.0 113 155 
100 - 
2. Ovlposltlon of undersized females. 
As already stated, there is a great variation in 
sizes of adults of A. calandrae and it is common to find 
a few small-sized individuals. Oviposition of a few 
undersized females, supplied with normal size males, was 
studied at 3°° C* and about 5 mm. saturation deficiency. 
Eight females averaged 25 offspring (Table 3), 
about one-fifth a3 many as from normal sized females. 
General observations showed that their span of life was 
much shorter than the normal females. The distribution 
of sexes among the offspring was about normal (page 10S). 
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Table 6 
Oviposition of undersized females 
Pair 
Number 
Offsprings; 
kales Females Total 
1 9 22 31 
2) 
) 15 4 19 
3) 
4 7 33 4o 
5 20 ^3 63 
6 0 0 0 
7 9 16 25 
& 4 IS 22 
Totals 64 136 200 
Average - 25.0 
Percentage of females - 63.0 
102 - 
3. Effect on ovlposltlon of feeding honey to parasites. 
A few pairs were fed honey to determine the effect 
on ovlposltlon. A small piece of absorbent cotton 
moistened with honey was stuck to the side of the 
ovlposltlon cage throughout the life of the pair. 
Sugar syrup did not prove satisfactory, as it dried 
rapidly at high saturation deficiencies. The pairs fed 
on honey laid more eggs in all environments, with the 
exception of 15 mm. saturation deficiency at 25° C. 
(Table 9). 
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Table 9 
Offspring developed by fed and unfed pairs 
Av. no. Av. no. Av. no. 
Temper- No.of of eggs No.of of eggs No.of of eggs 
ature Feeding Pairs laid Pairs laid Pairs laid 
Saturation deficiency 
3 mm. 6 mm. 15 mm. 
22 C. Fed 3 4-1.0 3 4-2.3 3 43.0 
Unfed 4 22. S 5 4i.g 4 32.3 
25° C. Fed 3 75.3 3 119.3 3 79.3 
Unfed 3 61.7 3 36.3 3 97.3 
30° 0. Fed 2 14-7.5 3 133.5 2 192.5 
Unfed 5 59.2 3 13^.7 4 124.5 
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4. Effect of temperature and moisture on ovlposltlon, 
(a) Preovlposltlon period. 
The preovlposltlon period of A. calandrae Is short. 
Copulation usually takes place Just after emergence and 
the female starts ovipositing shortly thereafter. 
The average preovlposltlon period was longer at 22° 
than at 25° C. (Table 10). However, the difference 
between the preovlposltlon periods at 25° and 30° C. Is 
not evident since observations were taken at 24-hour 
Intervals. A female which emerged any time during the 
past 24 hours and laid eggs at any time during the next 
24 hours was considered to have a preovlposltlon period 
of one day. All the females at 30° and all with the 
exception of two at 25° laid eggs within 24 hours of the 
exposing of the grains from Infested cultures. The 
amount of moisture does not appear to have any effect on 
the length of the preovlposltlon period. 
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Table 10 
Effect of temperature and moisture on ore- and 
post-ovlposltlon periods (average in days) 
Temperature 3 mm. 8 mm. i .5 mm. 3 ram. 6 mm. 15 mm 
22° C. 2.0 1.6 2.0 5.0 *.7 3.0 
25° c. 1.0 1.3 1.0 2.9 1.3 2.7 
30° C. 1.0 1.0 1.0 o.s 1.2 0.7 
(b) Hate of oviposition. 
The daily rate of oviposition from the day of exposing 
the infested grains based on the average of 6 to 8 females 
is graphically presented in Figure 1. 
The average rate of oviposition increased with 
increase in temperature. The peak rates occurred, after 
7 to S, 2 to 6, and 3 days at 22°, 25°, and 30° C., 
respectively. The number of eggs was reduced at 3 mm. in 
25° and 30° below other saturation deficits. Thus, low 
temperatures and low saturation deficiency seem to be less 
favorable for oviposition than other environments tested. 
(o) Offspring. 
The average number of offspring developed per female 
increased from low to high temperatures at all the 
saturation deficiencies (Fig. 2). The moisture alone 

o / Z J 4 S 6 7 8 ? /O // /2 AT /Y /J- 
Saturation Deficiency - mm. 
r/e.z A/om her of affc-pr/ny c/evt/oped 
/n contro/UJ environments 
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does not seem to have any consistent effect on the number 
of offspring but that of temperature and moisture 
operating together is quite evident. The highest average 
number of offsoring was produced in zone I, and the least 
in zone III, whereas zone II was intermediate between 
these two. The maximum average number of offspring 
developed was l4y. 2 at 3°° C. and 15 mm. saturation 
deficiency. 
The maximum number of offspring developed in 24 hours 
and the maximum during the whole life of any female also 
showed a similar Increase with the Increase in temperature 
(Table 11). The moisture, however, did not have any 
effect on these. The highest number of offspring from 
any female wan 225 at 3°° C. and 3 mm. saturation defi¬ 
ciency. Allowing for some mortality during developmental 
stages and deposition of more than one egg on one host in 
a few cases, this number probably will not be vastly 
different from that of Cotton (1923) who recorded the 
maximum number of eggs deposited by any female as 2S3. 
- 107 - 
Table 11 
Effect of temperature and moisture on the maximum 
number of offspring developed In 24 hours and 
In the lifetime of a female 
Saturation deficiency 
Temperature_3 mm.g mm.15 mm. 
Maximum in 24 hours 
22° C. g 10 6 
25° C. 23 17 20 
•
 
o
 
o
 
o
 
K
'S
 
25 26 32 
Maximum in lifetime 
•
 
o
 
o
 
CVI
 
(Vi
 
gg 75 78 
25° c. 120 157 13* 
•
 
o
 
o
 
o
 
r*"\
 
225 194- 216 
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Sex ratio. Temperature and moisture do not seem 
to have any effect on the proportion of sexes. The 
females exceeded 50 per cent, varying between 51.6 and 
64-.7 per cent, except at 22° and 2> mm. and 25° C. and 
15 mm. saturation deficiency, where these were 3g.S and 
4*5.5 Per cent. The low percentage of females at 22° and 
& mm. saturation deficiency was probably due to the fact 
that the progeny of one female consisted of all males, 
apparently because of unsuccessful fertilization. On 
the other hand, Cotton (1923) recorded the proportion of 
females as 4*0 per cent In his rearings. 
(d) Postovlposltion period. 
The average postoviposition period decreased with an 
increase in temperature at all the saturation deficiencies 
(Table 10). Moisture does not seem to have any appre¬ 
ciable effect on the length of this period. 
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LONGEVITY OF ADULTS 
Table 12 indicates the average longevity of adults 
which received hosts for oviposition, those given honey 
but no hosts, and those having neither honey nor hosts. 
The effect of temperature on the adult life is quite 
obvious. The average longevity of both males and females 
decreased with increase in temperature at all the satura¬ 
tion deficiencies. The moisture did not have any effect 
on the longevity of adults receiving infested grains for 
oviposition. On the other hand, the longevity of adults 
fed on honey was less at 15 mm. than other environments, 
though it was still high as compared to the life of the 
adults with hosts and not getting either honey or hosts 
at this saturation deficiency. The same trend is indica¬ 
ted by the adults without hosts or food. Whereas the 
high saturation deficiency was unfavorable in the case of 
adults getting no hosts for oviposition, it was not so in 
the case of those which did get them. 
The adults lived longest at 22° C. The maximum life 
of any male was 47, 55, and 12 days, and that of the female 
39, 97, and 13 days, in the case of adults getting hosts, 
fed on honey, and unfed, respectively. 
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The females usually lived longer than the males. 
On the whole, the average life of adults fed on honey 
was long, those which received hosts for oviposltion 
was intermediate, and those given neither hosts nor 
honey was very short. Apparently the adults could 
utilize food. 
The longevity of adults recorded by Cotton (1923) 
was more than observed here. He carried out his 
observations under room conditions, and the difference 
may be due to the difference in the environmental 
conditions 
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Table 12 
Effect of temperature and moisture on longevity of adults 
(Average In days) 
Saturation deficiency 
Temperature 
3- mm. -;T mm. .15 mm. 
Male Female Male Female Male Female 
Adults with hosts In grain 
22° c. 16.1 19.3 14.4 20.4 13.5 19.9 
25° c. 11.2 13. s 10.3 13.2 12.5 16.8 
O
 
O
 
K
\
 
c. 4.5 6.9 4.4 12.3 4.8 11;5 
Adults given honey but no hosts 
22° c. 3S.9 57. s 13.7 55.7 13.1 18.3 
25° c. 26.2 38.0 23.1 43.8 11.0 24.9 
O
 
O
 
K
N
 
c. 23.6 10.8 21.1 17.9 7.8 11.2 
Adults without hosts or food 
22° c. 9.9 10.4 9.6 9.9 3.3 3.0 
25° c. 7.2 7.9 7.4 7.4 5.3 6.9 
O
 O
 
c. 4.5 5.2 5.9 4.3 5.0 5.0 
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DEVELOPMENT 
1* Effect of host and host food on the development of 
Immature stages of the parasite (egg to emergence of adult). 
There was no difference in the average duration of the 
immature stages of males, as well as of females, developing 
on S. oryza and 3. granarius in wheat (Table 13). 
The average duration of the immature stages on 
£3. granarius in corn was slightly longer (10.1 days for the 
males and 12.6 days for the females) as compared to the 
same species in wheat (9.5 days for the males and 10.7 days 
for the females). Grubs, pupae and adults of granary 
weevils developing on corn were usually larger in size than 
those developing on wheat. It was also noticed that small 
host grubs, provided they were not too small so as to 
starve the parasite, tended to hasten their pupation. The 
parasite grub pupated as soon as it consumed the host. 
Presumably the larger size of hosts in corn, because of the 
available food, explains the increased developmental period. 
The parasites developing from these were usually larger in 
size. 
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2. Effect of temperature and moisture on the 
development of Immature stages of the parasite (egg to 
emergence of adult). 
(a) Hosts In grain. The average duration of the 
Immature stages decreased with Increase In temperature, 
at all saturation deficiencies (Table l4). The average 
duration of Immature stages of males In all environments 
was shorter than that of females, by less than a day to 
more than three days, depending upon the temperature. 
The moisture does not seem to have any marked effect on 
the duration of the Immature stages of the parasite com¬ 
pleting its development on the host inside wheat grains. 
The granary weevil requires at least 10 per cent 
moisture in grain for its development and after it has 
started feeding and breeding on the grain, the moisture 
content increases by 5 to 6 per cent (Gay and Ratcliffe, 
194-1) with the result that by the time the infested grain 
is exposed to the parasite for oviposition, its moisture 
content is fairly high. However, it will tend to come 
in equilibrium with the moisture in the surrounding 
atmosphere, but with the host still developing in it and 
modifying the moisture content, it will probably require 
a very long period to do so, and the parasite that has a 
short developmental period will perhaps complete its 
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development before the moisture content of the grain is 
altered to a degree that would have any appreciable effect 
on it. 
The variations in the moisture content of the grain 
were studied by exposing the uninfested wheat grains in the 
various environments for different lengths of time, up to a 
maximum of the length of the life cycle of the parasite at 
that temperature. The percentage of moisture was deter¬ 
mined on dry weight basis after drying the grain in an oven 
at 100° C. for 43 hours. The results are presented in 
Figure 3. 
The moisture in the grain at 22° C. increased 3 per 
cent at 3 mm.; 3*3 Per cent at 3 mm.; and decreased 1 per 
cent at 15 mm. in about 30 days. Similarly at 25° C. it 
increased 6.3 per cent at 3 mm.; 1.5 per cent at 3 mm.; and 
decreased 0.7 per cent at 15 mm. in about 15 days. But, on 
the other hand, at 3°° G. it showed an increase at all 
saturation deficits, being 2.6, 3, and 1.3 per cent at 3, 3, 
and 15 mm., respectively, in 15 days. This, however, will 
not represent the exact nature and extent of changes in the 
moisture content of the infested grain where another dis¬ 
turbing factor, the host, is present. Attempts to correlate 
these changes with the developmental period of the parasite 
failed to show any relationship. 
- 
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The food of the parasite consists of host fluids 
and tissues rich In moisture and probably all of its 
water requirements are met with from there. Thus, it would 
appear that as long as grain has sufficient moisture to 
allow the development of the host, atmospheric moisture will 
probably not affect the parasite larvae to any appreciable 
extent. This view is further supported by observations on 
the development of this parasite on hosts in capsules. 
(b) Hosts in gelatine capsules. ' 
Hosts were offered to the parasites in gelatine capsules 
to determine the duration of the different immature stages 
and for detailed observations of parasitization and parasite 
larval activities. 
It will be seen from Tables 15 and 16 that the pairs 
receiving hosts in capsules laid very few eggs and lived for 
a shorter period, as compared with those getting hosts in 
grain. Although only hosts of suitable size were offered 
to the parasites the percentage of parasitization in capsules 
was very low (Table 17). However, it showed an increase 
from a low to a high temperature. Furthermore, the percent¬ 
age of grubs parasitized was higher than of pupae at all the 
temperatures, This method was not favorable for the breeding 
of the parasite. 
- 113 - 
The average duration of the immature stages, like that 
on hosts in grain, showed a definite decrease with the 
increase in temperature at all the saturation deficiencies 
(Table 14). The males in all cases required less time for 
development than the females. The average duration of 
immature stages on hosts in capsules as compared to that on 
hosts in grain was greater in some cases and less in others, 
and failed to show any definite relationship. 
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Table 15 
Average number of eggs laid on hosts In capsules and In grains 
Host 25 C. 30 0. 
Exposed 3 mm. S inm. 15 mm. 3 mm. 8 mm. 15 mm. 
Capsules 11.2 6.2 s.o 11.3 12.7 7.o 
Grains 61.7 86.3 97.3 59.2 13^.7 124.5 
Table 16 
Longevity of adults (average in days) receiving 
hosts In oapsules and in grains at 25° C. 
Host _ 3 aim. S mm. 
Exposed_Male Female_Male Female 
Capsules 6.& 7-3 5.° 6.4- 
Grains 2>.0 12*0 7.0 10.0 
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No significant difference in the developmental period 
at different saturation deficiencies seems to be indicated. 
Unlike that on hosts in grain, the variations in the 
average duration of immature stages at various saturation 
deficiencies were very small. This showed again that the 
moisture did not have any marked effect on the development 
of the parasite. As already stated, this might be due to 
the fact that the food of this parasite consisted of animal 
matter rich in moisture. 
It was observed further that at high saturation 
deficiencies of 15 mm. very few individuals completed their 
development successfully. At 22 C. and 15 mra., in spite 
of many attempts, with the exception of one case, no indivi¬ 
dual could be oarried through to the adult stage. After a 
few days the host grubs in capsules darkened in color and 
dried appreciably. Conseouently the parasite grubs 
developing on them died without pupating in about 6 to 9 
days. Therefore it appears that 15 ram. saturation, especially 
at 22° where the larval stage was long and thus the low 
moisture had a chance to act for a longer period, had a very 
adverse effect on the development of parasites on hosts in 
capsules. However, it did not seem to affect them if the 
host was in grain. 
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3* Effect of temperature and moisture on the duration 
of various Immature stages. 
The average duration of egg, larval, prepupal, and 
pupal stages of individuals developing into males and females 
is given in Table IS. 
The effect of temperature on the immature stages is 
obvious. All the stages were shortened with the increase 
in temperature. Atmospheric moisture failed to show any 
significant effect on the duration of the immature stages. 
The duration of the larval and pupal stages of males 
was shorter than that of the females at all temperatures, 
the difference being more pronounced in the pupal stage. 
No difference in the prepupal stages of the two sexes was 
observed. The pupal stage always lasted for a longer period 
than the larval stage. 
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ABILITY OF A. calandrae (How.) TO REACH THE HOST 
AT DIFFERENT DEPTHS IN THE GRAIN 
Capacity to discover or locate the host i6 one of the 
important factors to be considered in the utilization of a 
parasite for biological control (Sweetman, 1936). This 
factor assumes even greater importance when the host is 
scarce and difficult to reach. 
It is known that A. calandrae is a fairly good flier 
and is attracted to the grain. Thus its dispersal can be 
depended upon within reasonable limits. Since the bulk 
of grain is stored in quantities of 1000 bushels or more, 
by various private and government agencies, the depth to 
which the parasites will penetrate in search of hosts is 
important. In order to estimate this, quart Ice-cream 
cartons 6 3A inches long and 3 1/2 inches in diameter, 
with tops and bottoms removed with the exception of the 
lowermost carton whose bottom was left intact, were Joined 
end to end to a desired length by means of gummed paper. 
The bottom carton was filled to a depth of 3 to ^ inches 
with infested grain, while the rest of the cartons were 
filled with uninfested grain to within 6 inches of the top 
of the carton column. About fifteen pairs of parasites 
were liberated in the empty space at the top and a tightly- 
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fitting petrl dish with a small piece of absorbent cotton 
dipped in honey was inverted on the top. The columns 
were left undisturbed in the laboratory for about fifteen 
days, after which they were examined. The infested and 
uninfested grains were sieved and dead and living parasites 
recorded. The infested grain was then kept in the labor¬ 
atory and watched for emergence of parasites. The presence 
of parasites in or emerging from the infested grain was used 
as a measure of the penetration of the parasites. The 
results of these observations are recorded in Table 19. 
In the case of wheat the parasite reaohed the host at 
a depth of six feet but failed twice to do so at seven 
feet. On the other hand, the parasite could penetrate 
through corn to a much greater depth. The maximum column 
of corn tested in these experiments was ten feet long, 
which the parasite penetrated apparently with little 
difficulty. The differences in the depth reached in searoh 
of hosts through columns of wheat and of corn were due evi¬ 
dently to differences in size and shape of wheat and corn 
grains. Corn kernels being larger and more irregular in 
shape, as compared to wheat kernels, probably had more and 
larger interspaces and thus enabled the parasite to crawl 
through them to greater depths in search of hosts. It 
seems reasonable to assume that the amount and size of 
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interspaces in the lower layers of grain will decrease 
with an Increase in height of grain column, as it will 
increase the weight on them thus making them more 
compact. 
The males liberated along with females usually died 
in the top layers of the grain columns. No dead males 
were recovered below the first foot layer in the oase of 
wheat and 3 1/2 feet in case of corn. 
The oapacity of this parasite to reach the host in big 
wheat storage bins seems to be extremely limited and 
consequently its ability to control grain weevils under 
these conditions is very doubtful; whereas in the case of 
corn it might penetrate to greater depths and give better 
results. 
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Table 19 
Ability of Aplastomorpha calandrae to reach the 
host at different depths in the grain 
Wheat Corn 
Height of 
uninfested 
grain column 
Penetration 
to infested 
grain 
Height of 
uninfested 
grain column 
Penetration 
to infested 
grain 
2 inches Yes 2 inches Yes 
6 it Yes 6 * Yes 
1 foot Yes 2 feet Yes 
1 1/2 feet Yes 5 * Yes 
2 rt Ye 8 6 11 Yes 
3 
it Yes 10 * Yes 
5 it Yes 
6 it Yes 
7 H No 
7 N No 
Yes - Living and dead parasites found in , and emerged 
from, infested grain at the bottom of unlnfested 
grain column. 
No - No living or dead parasites found in, or emerged 
from, Infested grain at the bottom of uninfested 
grain column. 
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EFFICIENCY OF THE PARASITE 
IN CHECKING WEEVIL INFESTATIONS 
Four sets of granary weevil cultures, each consisting 
of 7 jars, were raised in the laboratory in quart Kerr 
Jars containing 500 grams of wheat. Twenty adult weevils 
were introduced In two sets and 40 in the others. About 
one month after starting of the cultures 1, 2, 3, 4, 5, 
and 6 parasite females with excess of males were 
liberated in six jars and the seventh kept as a check, in 
each set. Fortnightly samples of 200 grains were taken 
from the middle of the culture with a long glass tube 
about 1/2 inch in diameter. The first sample was taken 
almost one month after the introduction of the parasites. 
The adult weevils and parasites in the grain sample were 
returned to the culture. The samples were kept in the 
laboratory and all the parasites emerging during the first 
15 days and weevils in one month* s time were recorded. 
Observations were continued for four months, after which 
these were stopped as the grain was almost entirely 
destroyed by the weevils. The results are presented in 
Figures 4 and 5 and Table 20. 
The following observations resulted from these 
studies: 
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(1) To start with both the weevil and the parasite 
population was very low. The weevil population 
increased rapidly while the parasite generally lagged 
behind by 15 to 30 days. This shows that the para¬ 
sites followed the host population and could not build 
up its numbers rapidly perhaps due to Its inability to 
reach or locate the host. Towards the end, however, 
the host and parasite populations varied almost 
inversely. When the weevil numbers were high, parasites 
were low and vice versa. 
(2) The initial number of parasite females liberated 
did not have any consistent and marked effect on the 
parasite or weevil population. Probably the number of 
suitable hosts accessible to the parasite was the limit¬ 
ing factor. However, in both cases where one female was 
introduced in cultures with 20 original weevils, parasites 
failed to establish. The total reduction in weevil popu¬ 
lation with various numbers of parasite females in 4 month1s 
time varied from 27.2 to 44.7 per cent in the case of sets 
with 20 original weevils, and 34.3 to 5&.3 per cent in the 
case of 40 original weevils. It was, thus, higher in the 
latter case, probably due .to the larger number of hosts 
available for parasitization. The maximum reduction 
occurred in cultures having 5 parasite females in both cases. 
- 130 - 
(3) Though the weevil population of cultures with 
parasites was lower than the check, it showed a similar 
trend. The peaks of weevil population were reached 
about 1 1/2 to 2 months after liberation of the parasites 
in cultures with 20, and 1 to 1 1/2 months in cultures 
with 40, original weevils. 
(4) Toward the end the weevil population of immature 
stages fell probably due more to the destruction of the 
grain than to the effect of the parasites, as the granary 
weevil cannot breed in loose material. 
(5) At the end the cultures were teeming with weevils 
and the parasites could not save the grain which was 
completedly destroyed by weevils in four months* time and 
turned into hole-ridden empty shells. 
It may, therefore, be concluded that the parasite under 
the conditions tried could not bring any appreciable degree 
of control of the granary weevil and save the grain from 
destruction. It was probably due to its Inability to 
build up its numbers rapidly presumably because of its 
Incapacity to reach or locate a majority of hosts in the 
grain. The host larvae and pupae that escaped its attack 
emerged as adults which are long-lived (7 to 25 months) and 
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do damage In this stage as well, which contributed towards 
the rapid destruction of the grain. The parasite became 
abundant after the host was plentiful. These conclusions 
agree, in general, with those of previous workers (Cotton, 
1923; Back, 1939; Livingstone and Reed, 193^1 Reed and 
Vinzant, 19^2). 
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Table 20 
Percentage of reduction in weevil population 
In 4 months time (on the basis of check) 
Parasite Initial number of weevils introduced 
females 20_40 
1 0 34.3 
2 3^-9 51-9 
3 35.5 47.1 
4 31.5 45.4 
5 44.7 58.8 
6 27-2 4S.0 
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SUMMARY 
Aplastomorpha calandrae (How.) Is a widely dis¬ 
tributed ectoparasite of larvae and pupae of some of the 
destructive pests of stored products, especially the 
grain weevils. It is known to attack fourteen species 
of insects belonging to five different families of 
Coleoptera. 
The adults showed a weak positive response to light 
when they escaped from cages. They were attracted to 
the grain and famales moved readily into darkness in the 
grain in all directions in search of hosts, even though 
not present. The females constructed ’tubes* for feeding 
on the body fluids of their hosts. Parthenogenesis 
occurred with progeny consisting of males only. The 
number of offspring developed by unfertilized, was less 
than half of that of fertilized, females. Copulation 
took place within a few hours after emergence and lasted 
for a few seconds. One mating was enough for layipg the 
usual number of fertilized eggs and one male could 
fertilize more than one female. 
The parasite showed preference for half-grown larvae, 
prepupae, and early pupae. However, it attacked more 
larvae than pupae. When hosts were scarce several eggs 
were laid on one host but only one developed into an adult. 
There was much variation in the size of adults and this 
depended on the amount of food available. The off¬ 
spring developed from undersized females were reduced 
about five times, as compared to normal females, 
though there was no difference in the proportion of 
sexes. Feeding honey to adults increased the number of 
offspring. 
The biology of the parasite was studied at three 
temperatures (22°, 25°, and 3O0 C.) and three saturation 
deficits (3, 8, and 15 mm.) at each temperature. 
The pre- and post-oviposltion periods decreased with 
an increase in temperature while moisture did not seem to 
have any appreciable effect on these. The rate of ovi- 
position increased from a low to a high temperature. It 
was low at 3 rara. as compared to other moisture conditions 
at 25° and 3°°* The average number of offspring increased 
from a low to a high temperature. Moisture alone did not 
have any appreciable effect on reproduction but that of 
temperature and moisture acting together was well marked. 
. o 
A large number of offspring developed at 8 mm. at 25 and 
3O0, and 15 mm. at 30°. Temperature and moisture did not 
have any effect on the proportion of females in the progeny, 
which usually exceeded 50 per cent. 
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The longevity of adults decreased with an Increase 
in temperature. Adults fed on honey lived longer than 
those receiving hosts or no food. Though the longevity 
of fed and unfed adults was reduced at 15 mm., moisture 
failed to show any effect on those offered hosts in 
grain. The females lived longer than males. 
There was no difference in the developmental period 
of the parasite on Sitophilus oryza and S. granarlus in 
wheat. However, it was slightly prolonged on S. granarlus 
in corn. 
The average duration of immature stages (egg to 
emergence of adult) on hosts in grain and capsules 
decreased with increase in temperature, while it was little 
affected by saturation deficits due to the nature of food 
of the parasite which consists of living organisms rich in 
moisture. The average duration of egg, larval, and pupal 
stages also showed a similar effect of temperature and 
moisture. 
The female parasites could reach the host at a depth 
of ten feet in corn but failed to do so at seven feet in 
the case of wheat. 
The parasite failed to control weevil Infestations 
in quart Kerr Jars in the laboratory. 
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CONCLUSIONS 
1. The offspring developed by unfertilized females 
were less than half that of fertilized ones. One mating 
was enough for fertilization and one male could fertilize 
more than one female. This is important in view of the 
fact that females in the progeny usually exceeded fifty 
per cent. 
2. Normally only one parasite developed on a host 
and, therefore, laying of more than one egg on a host was 
superfluous which occurred if the host was scarce. Thus 
the availability of hosts within certain limits affected 
the number of offspring. 
3. The size of the adult parasite, to a certain extent, 
depended upon the amount of food supply. The small sized 
females were not capable of producing the normal number of 
offspring. 
4. Feeding honey to parasite adults increased their 
longevity and number of offspring. Adults lived longer 
at low than at high temperatures. Atmospheric moisture 
had little effect on the longevity of adults supplied with 
hosts in grain. 
5. Temperature and atmospheric moisture acting 
together influenced the number of offspring. A large 
number of offspring developed in zone I, less in zone II, 
and least In zone III (Fig. 2). 
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6. Atmospheric moisture was not important for the 
development of immature stages of the parasite on hosts 
in grain. A temperature of J0° appears to be more 
favorable than 22° or 25° as the duration of immature 
stages was short and the number of offspring developed 
was high. 
7. The parasite females could penetrate through ten 
feet of corn in J-inch wide paper carton columns to reach 
the host, but failed to do so through seven feet, in the 
case of wheat. 
&. The parasite failed to control the granary weevil 
and protect the grain from destruction in quart Kerr Jars 
in the laboratory. With the present knowledge the 
parasite does not appear to be very promising for biological 
control. 
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